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PROBLEM TO BE SOLVED: To enable the reduction of 
the track width of an induction type magnetic converting 
element and the reduction of a magnetic path length. 
SOLUTION: The thin-film magnetic head has a 
reproducing head and a recording head. The recording 
head has lower magnetic pole layers 8a to 8c and upper 
magnetic pole layers 15 including magnetic pole portions 
facing each other via magnetic gap layers 14 and thin- 
film coils 12a and 12b which partly pass therebetween 
and helically wound around the upper magnetic pole 
layers 15. The lower magnetic pole layers 8 have the 
first portion 8a arranged in the region inclusive of the 
region facing the first layer portion 12a of the thin-film 
coils 12a and 12b and the second portion 8b which is 
connected to the surface on the upper magnetic pole layer 15 side in the first portion 8a and 
forms the magnetic pole portion. The first layer portion 12a of the thin-film coils 12a and 12b is 
arranged alongside the second portion 8b. The first layer portion 12b of the thin-film coils is 
formed via an insulating film 16 on the upper magnetic pole layer 15. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st and 2nd magnetic layers which consist of at least one layer including the magnetic 
pole part which the part of the side which is connected magnetically and counters a record medium 
counters mutually through a record gap layer, respectively, A part passes through between said 1st and 
2nd magnetic layers in the condition of having insulated to said 1st and 2nd magnetic layers. It has the 
thin film coil spirally wound focusing on one [ at least ] magnetic layer. And said 1st magnetic layer It 
has the 1st part which counters said some of thin film coils, and the 2nd part which is connected to the 
field by the side of said 2nd magnetic layer in said 1st part, and forms a magnetic pole part. Said some 
of thin film coils The thin film magnetic head characterized by being arranged in the side of the 2nd part 
of said 1st magnetic layer. 

[Claim 2] Said thin film coil is the thin film magnetic head according to claim 1 characterized by having 
the part spirally wound focusing on said 2nd magnetic layer. 

[Claim 3] Said 2nd magnetic layer is the thin film magnetic head according to claim 1 characterized by 
having the magnetic pole partial layer which forms a magnetic pole part, and the York partial layer 
which is connected to this magnetic pole partial layer, and forms the York part. 

[Claim 4] Said thin film coil is the thin film magnetic head according to claim 3 characterized by having 
the 1st part which passed through the side of the 2nd part of said 1st magnetic layer, and was spirally 
wound focusing on said 2nd magnetic layer, and the 2nd part which passed through the side of the 
magnetic pole partial layer of said 2nd magnetic layer, and was spirally wound focusing on said 2nd 
magnetic layer. 

[Claim 5] Said thin film coil is the thin film magnetic head according to claim 3 characterized by having 
the 1st part which passed through the side of the 2nd part of said 1st magnetic layer, and was spirally 
wound focusing on said 1st magnetic layer, and the 2nd part which passed through the side of the 
magnetic pole partial layer of said 2nd magnetic layer, and was spirally wound focusing on said 2nd 
magnetic layer. 

[Claim 6] The end face of the side which counters the record medium of the York partial layer of said 
2nd magnetic layer is the thin film magnetic head according to claim 3 to 5 characterized by being 
arranged in the location distant from the field which counters the record medium of the thin film 
magnetic head. 

[Claim 7] The thin film magnetic head according to claim 1 to 6 characterized by for the 2nd part of said 
1st magnetic layer specifying throat height, and said 2nd magnetic layer specifying recording track 
width of face. 

[Claim 8] Furthermore, the thin film magnetic head according to claim 1 to 7 characterized by having 
the insulating layer to which some thin film coils arranged in the side of the 2nd part of said 1st 
magnetic layer were covered, and flattening of the field by the side of said record gap layer was carried 
out. 

[Claim 9] Furthermore, the thin film magnetic head according to claim 1 to 8 characterized by having 
the 1st for being arranged so that a magnetic resistance element and the part of the side which counters a 
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record medium may counter on both sides of said magnetic resistance element, and shielding said 
magnetic resistance element, and the 2nd shielding layer. 

[Claim 10] Said 1st magnetic layer is the thin film magnetic head according to claim 1 to 9 characterized 
by serving as said 2nd shielding layer. 

[Claim 11] The 1st and 2nd magnetic layers which consist of at least one layer including the magnetic 
pole part which the part of the side which is connected magnetically and counters a record medium 
counters mutually through a record gap layer, respectively, The process which a part is the manufacture 
approach of the thin film magnetic head equipped with the thin film coil which passes through between 
said 1st and 2nd magnetic layers, and forms said 1st magnetic layer in the condition of having insulated 
to said 1st and 2nd magnetic layers, In the process which forms said record gap layer on said 1st 
magnetic layer, the process which forms said 2nd magnetic layer on said record gap layer, and the 
condition of having insulated to said 1st and 2nd magnetic layers So that a part may pass through 
between said 1st and 2nd magnetic layers and it may be spirally wound focusing on one [ at least ] 
magnetic layer The process which forms said 1st magnetic layer including the process which forms said 
thin film coil It connects with the field by the side of said 2nd magnetic layer in the 1st part which 
counters said some of thin film coils, and said 1st part. The process which forms the 2nd part which 
forms a magnetic pole part, and forms said thin film coil is the manufacture approach of the thin film 
magnetic head characterized by forming a thin film coil so that said some of thin film coils may be 
arranged in the side of the 2nd part of said 1st magnetic layer. 

[Claim 12] The process which forms said thin film coil is the manufacture approach of the thin film 
magnetic head according to claim 1 1 characterized by forming the thin film coil which has the part 
spirally wound focusing on said 2nd magnetic layer. 

[Claim 13] The process which forms said 2nd magnetic layer is the manufacture approach of the thin 
film magnetic head according to claim 1 1 characterized by forming the magnetic pole partial layer 
which forms a magnetic pole part, and the York partial layer which is connected to this magnetic pole 
partial layer, and forms the York part. 

[Claim 14] The 1st part which the process which forms said thin film coil passed through the side of the 
2nd part of said 1st magnetic layer, and was spirally wound focusing on said 2nd magnetic layer, The 
manufacture approach of the thin film magnetic head according to claim 13 characterized by forming the 
2nd part which passed through the side of the magnetic pole partial layer of said 2nd magnetic layer, and 
was spirally wound focusing on said 2nd magnetic layer. 

[Claim 15] The 1st part which the process which forms said thin film coil passed through the side of the 
2nd part of said 1st magnetic layer, and was spirally wound focusing on said 1st magnetic layer, The 
manufacture approach of the thin film magnetic head according to claim 13 characterized by forming the 
2nd part which passed through the side of the magnetic pole partial layer of said 2nd magnetic layer, and 
was spirally wound focusing on said 2nd magnetic layer. 

[Claim 16] The process which forms said 2nd magnetic layer is the manufacture approach of the thin 
film magnetic head according to claim 13 to 15 characterized by arranging the end face of the side 
which counters the record medium of the York partial layer of said 2nd magnetic layer in the location 
distant from the field which counters the record medium of the thin film magnetic head. 
[Claim 17] The process which the process which forms said 1st magnetic layer forms the 1st magnetic 
layer so that said 2nd part may specify throat height, and forms said 2nd magnetic layer is the 
manufacture approach of the thin film magnetic head according to claim 1 1 to 16 characterized by 
forming the 2nd magnetic layer so that said 2nd magnetic layer may specify recording track width of 
face. 

[Claim 18] Furthermore, the manufacture approach of the thin film magnetic head according to claim 1 1 
to 17 characterized by including the process which forms the insulating layer to which some thin film 
coils arranged in the side of the 2nd part of said 1st magnetic layer were covered, and flattening of the 
field by the side of said record gap layer was carried out. 

[Claim 19] Furthermore, the manufacture approach of the thin film magnetic head according to claim 1 1 
to 18 characterized by including the process which forms the 1st for being arranged so that a magnetic 
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resistance element and the part of the side which counters a record medium may counter on both sides of 
said magnetic resistance element, and shielding said magnetic resistance element, and the 2nd shielding 
layer. 

[Claim 20] Said 1st magnetic layer is the manufacture approach of the thin film magnetic head 
according to claim 1 1 to 19 characterized by serving as said 2nd shielding layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thin film magnetic head which has an induction 

type MAG sensing element at least, and its manufacture approach. 

[0002] 

[Description of the Prior Art] In recent years, the improvement in the engine performance of the thin 
film magnetic head is called for with improvement in the surface recording density of a hard disk drive 
unit. The compound-die thin film magnetic head of the structure which carried out the laminating of the 
reproducing head which reads as the thin film magnetic head with the recording head which has an 
induction type MAG sensing element for writing, and has the magnetic-reluctance (it is hereafter 
described also as MR (Magneto-resistive).) component of business is used widely. 
[0003] By the way, in order to raise recording density among the engine performance of a recording 
head, it is necessary to raise the track density in a magnetic-recording medium. It is necessary to realize 
the recording head of the ** truck structure which narrowed width of face in the air bearing side of that 
lower magnetic pole formed up and down and an up magnetic pole from several microns to the 
submicron dimension on both sides of the record gap layer, and for that, in order to attain this, the semi- 
conductor processing technique is used. 

[0004] Here, with reference to drawing 14 thru/or drawing 17 , an example of the manufacture approach 
of the compound-die thin film magnetic head is explained as an example of the manufacture approach of 
the conventional thin film magnetic head. In addition, in drawing 14 thru/or drawing 17 , (a) shows a 
cross section perpendicular to an air bearing side, and (b) shows the cross section parallel to the air 
bearing side of a magnetic pole part. 

[0005] By this manufacture approach, first, as shown in drawing 14 , the insulating layer 102 which 
consists of an alumina (aluminum 203) is deposited by the thickness of about about 5-10 micrometers 
on the substrate 101 which consists of ARUTIKKU (aluminum 203, TiC). Next, the lower shielding 
layer 103 for the reproducing heads which consists of a magnetic material is formed on an insulating 
layer 102. 

[0006] Next, on the lower shielding layer 103, sputter deposition of the alumina is carried out to the 
thickness of 100-200nm, and the lower shielding gap film 104 as an insulating layer is formed. Next, the 
MR component 105 for playback is formed on the lower shielding gap film 104 at the thickness of 
dozens of run. Next, the electrode layer 106 of the pair electrically connected to the MR component 105 
is formed on the lower shielding gap film 104. 

[0007] Next, the up shielding gap film 107 as an insulating layer is formed on the lower shielding gap 
film 104 and the MR component 105, and the MR component 105 is laid underground in the shielding 
gap film 104,107. 

[0008] Next, on the up shielding gap film 107, it consists of a magnetic material and the lower [ an up 
shielding layer-cum-] magnetic pole layer (it is hereafter described as a lower magnetic pole layer.) 108 
used to the both sides of the reproducing head and a recording head is formed at the thickness of about 3 
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micrometers. 

[0009] Next, as shown in drawing 15 , the record gap layer 109 which consists of an insulator layer, for 
example, the alumina film, is formed on the lower magnetic pole layer 108 at the thickness of 0.2 
micrometers. Next, for magnetic-path formation, the record gap layer 109 is etched partially and contact 
hole 109a is formed. Next, the up magnetic pole chip 110 which consists of a magnetic material for 
recording heads is formed on the record gap layer 109 in a magnetic pole part at the thickness of 0.5-1.0 
micrometers. At this time, the magnetic layer 119 which becomes coincidence from the magnetic 
material for magnetic-path formation on contact hole 109a for magnetic-path formation is formed. 
[0010] Next, as shown in drawing 16 , the record gap layer 109 and the lower magnetic pole layer 108 
are etched by ion milling by using the up magnetic pole chip 1 10 as a mask. As shown in drawing 16 
(b), the structure where some each side attachment walls of an up magnetic pole part (up magnetic pole 
chip 1 10), the record gap layer 109, and the lower magnetic pole layer 108 were formed perpendicularly 
in self align is called trim (Trim) structure. 

[001 1] Next, the insulating layer 1 1 1 which consists of alumina film is formed in the whole surface at 
the thickness of about 3 micrometers. Next, it grinds and flattening of this insulating layer 1 1 1 is carried 
out until it reaches the front face of the up magnetic pole chip 110 and a magnetic layer 119. 
[0012] Next, the thin film coil 1 12 of the 1st layer for the recording heads of the induction type which 
consists of copper (Cu) is formed on the insulating layer 1 1 1 by which flattening was carried out. Next, 
a photoresist layer 1 13 is formed on an insulating layer 1 1 1 and a coil 1 12 at a predetermined pattern. 
Next, in order to make the front face of a photoresist layer 1 13 flat, it heat-treats at predetermined 
temperature. Next, the thin film coil 1 14 of the 2nd layer is formed on a photoresist layer 113. Next, a 
photoresist layer 1 15 is formed on a photoresist layer 1 13 and a coil 1 14 at a predetermined pattern. 
Next, in order to make the front face of a photoresist layer 115 flat, it heat-treats at predetermined 
temperature. 

[0013] Next, as shown in drawing 17 , the up magnetic pole layer 1 16 which consists of a magnetic 
material for recording heads, for example, a permalloy, is formed on the up magnetic pole chip 1 10, a 
photoresist layer 1 13,1 15, and a magnetic layer 119. Next, the overcoat layer 1 17 which consists of an 
alumina is formed on the up magnetic pole layer 116. Finally, a slider is machined, the air bearing side 
118 of a recording head and the reproducing head is formed, and the thin film magnetic head is 
completed. 

[0014] In drawing 1 7 , TH expresses throat height and MR-H expresses MR height. In addition, throat 
height means the die length (height) from the edge by the side of an air bearing side of the part which 
two magnetic pole layers counter through a record gap layer to the edge of the opposite side. Moreover, 
MR height means the die length (height) from the edge by the side of the air bearing side of MR 
component to the edge of the opposite side. Moreover, in drawing 17 , P2W express magnetic pole 
width of face, i.e., recording track width of face. There is an apex angle type (Apex Angle) as shown by 
theta else [, such as throat height and MR height, ] in drawing 17 as a factor which opts for the engine 
performance of the thin film magnetic head. This apex angle type says the include angle of the straight 
line which connects the corner of the side face by the side of the magnetic pole in the coil part 
(henceforth the apex section) which was covered by the photoresist layer 1 13,1 15 and rose in the shape 
of a crest, and the top face of an insulating layer 1 1 1 to make. 
[0015] 

[Problem(s) to be Solved by the Invention] In order to raise the engine performance of the thin film 
magnetic head, it is important to form correctly the throat height TH as shown in drawing 17 , MR 
height MR-H, the apex angle type theta, and recording track width-of-face P2 W. 
[0016] In order to enable high surface density record especially in recent years (i.e., in order to form the 
recording head of** truck structure), the submicron dimension of 1.0 micrometers or less is demanded 
of width-of-recording-track P2W. Therefore, the technique of processing an up magnetic pole into a 
submicron dimension using a semi-conductor processing technique is needed. 

[0017] Here, it poses a problem that it is difficult to form minutely the up magnetic pole layer formed on 
the apex section. 
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[0018] By the way, as an approach of forming an up magnetic pole layer, as shown in JP,7-262519,A, 
the frame galvanizing method is used, for example. When forming an up magnetic pole layer using the 
frame galvanizing method, on the whole, the thin electrode layer which consists of a permalloy is first 
formed by sputtering on the apex section. Next, on it, a photoresist is applied, patterning is carried out 
according to a photolithography process, and the frame for plating (outer frame) is formed. And an up 
magnetic pole layer is formed by the galvanizing method by using as a seed layer the electrode layer 
formed previously. 

[0019] However, there is the difference of elevation 7-10 micrometers or more in the apex section and 
other parts, for example. On this apex section, a photoresist is applied by the thickness of 3-4 
micrometers. Supposing at least 3 micrometers or more of thickness of the photoresist on the apex 
section are required, since the photoresists with a fluidity gather in the lower one, in the lower part of the 
apex section, the photoresist film with a thickness of 8-10 micrometers or more will be formed, for 
example. 

[0020] In order to realize recording track width of face of a submicron dimension as mentioned above, it 
is necessary to form the frame pattern of the width of face of a submicron dimension with the photoresist 
film. Therefore, a pattern with a detailed submicron dimension must be formed on the apex section with 
the photoresist film with the thickness of 8-10 micrometers or more. However, it was very difficult on 
the production process to form the photoresist pattern of such thick thickness by ** pattern width of 
face. 

[0021] And at the time of exposure of a photolithography, the light for exposure reflects by the substrate 
electrode layer as a seed layer, a photoresist exposes, collapse of a photoresist pattern etc. arises and 
Sharp and an exact photoresist pattern are no longer obtained by this reflected light. 
[0022] Thus, when magnetic pole width of face became a submicron dimension conventionally, there 
was a trouble that it became difficult to form an up magnetic layer with a sufficient precision. 
[0023] As drawing 15 of the above-mentioned conventional example thru/or the process of drawing 17 
also showed, after forming the width of recording track of 1 .0 micrometers or less from such a thing 
with the up magnetic pole chip 110 effective in formation of the ** truck of a recording head, the 
approach of forming the up magnetic pole layer 116 used as the York part connected with this up 
magnetic pole chip 1 10 is also adopted (refer to JP,62-245509,A and JP,60-10409,A). Thus, it becomes 
possible by dividing the usual up magnetic pole layer into the up magnetic pole layer 116 used as the up 
magnetic pole chip 110 and the York part to form minutely the up magnetic pole chip 110 which 
determines the width of recording track by submicron width of face on the flat field on the record gap 
layer 109. 

[0024] However, also in such the thin film magnetic head, there were still the following troubles. 
[0025] (1) First, by the conventional thin film magnetic head shown in drawing 17 , since the width of 
recording track of a recording head is prescribed by the up magnetic pole chip 1 10, it can be said that it 
is not necessary to process the up magnetic pole layer 1 16 into about 1 10 up magnetic pole chip 
minutely. If the width of recording track of a recording head is set to microscopic Sai, especially 0.5 
micrometers or less, also in the up magnetic pole layer 116, the process tolerance of submicron width of 
face will still be required. However, in the conventional thin film magnetic head, the up magnetic pole 
layer 116 was difficult to form the up magnetic pole layer 116 minutely for the above-mentioned reason 
from being formed on the apex section. Moreover, since it needed to connect magnetically to the up 
magnetic pole chip 110 with narrow width of face, the up magnetic pole layer 1 16 needed to be formed 
in width of face larger than the up magnetic pole chip 110. From these reasons, the up magnetic pole 
layer 1 16 is formed in width of face larger than the up magnetic pole chip 1 10 by the conventional thin 
film magnetic head. Therefore, in the conventional thin film magnetic head, writing was performed by 
the up magnetic pole layer 116 side, and there was fault which originally writes data also in fields other 
than the field which should be recorded that the so-called side light was generated, to a record medium. 
In order that such fault may raise the engine performance of a recording head, when a coil is formed in 
two-layer or three layers, compared with the case where a coil is formed in one layer, the height of the 
apex section becomes high and it becomes more remarkable. 
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[0026] (2) Moreover, in the conventional magnetic head, throat height is determined in the edge of a 
side far from the air bearing side 1 18 of the up magnetic pole chip 110. However, if the width of face of 
this up magnetic pole chip 110 becomes narrow, in photolithography, a pattern edge will be roundish 
and will be formed. Therefore, the throat height of which a highly precise dimension is required became 
uneven, and the situation where the balance between the width of recording track of MR component was 
missing had occurred in processing of the air bearing side 118, and a polish process. For example, as the 
width of recording track, the edge of a side far from the air bearing side 1 1 8 of the up magnetic pole 
chip 1 10 by the way which is 0.5-0.6-micrometer need shifted from the throat height zero location 
(location of the edge by the side of the air bearing side of the insulating layer which determines throat 
height) to the air bearing side 118 side, the record gap opened greatly, and the problem of the writing of 
record data becoming impossible often occurred. 

[0027] Contraction of the width of recording track of a recording head was difficult conventionally [ the 
trouble of the above (1) and (2) to ]. 

[0028] (3) In the further conventional thin film magnetic head, there was a trouble that it was difficult to 
shorten magnetic-path length (Yoke Length). That is, the recording head which could realize the short 
head of magnetic-path length and was excellent in especially the high frequency property could be 
formed so that the coil pitch was small, but when a coil pitch was made small infinite, the distance from 
a throat height zero location to the periphery edge of a coil had become the big factor which bars 
shortening magnetic-path length. Since magnetic-path length can do the two-layer coil short rather than 
the coil of one layer, it has adopted the two-layer coil in the recording head for many RFs. However, by 
the conventional magnetic head, after forming the coil of the 1st layer, in order to form the insulator 
layer between coils, the photoresist film is formed by the thickness of about 2 micrometers. Therefore, 
the small apex roundish [ wore ] is formed in the periphery edge of the coil of the 1st layer. Next, 
although the coil of a two-layer eye is formed on it, since etching of the seed layer of a coil cannot be 
performed but a coil short-circuits by the ramp of the apex section in that case, it is necessary to form 
the coil of a two-layer eye in a flat part. 

[0029] When follow, for example, thickness of a coil is set to 2-3 micrometers, thickness of the insulator 
layer between coils is set to 2 micrometers and an apex angle type is made into 45 degrees - 55 degrees, 
as magnetic-path length Twice with a distance of 4-5 micrometers which is the distance of a up to [ from 
the periphery edge of a coil ] near the throat height zero location in addition to the die length of the part 
corresponding to a coil (4-5 micrometers also of distance from the contact section of an up magnetic 
pole layer and a lower magnetic pole layer to a coil inner circumference edge are also required.) 8-10 
micrometers is required. Die length other than the part corresponding to this coil had become the factor 
which bars contraction of magnetic-path length. 

[0030] Here, the case where the 1 1 -volume coil whose tooth space the line breadth of a coil is 1.0 
micrometers and is 1.0 micrometers is formed by two-layer is considered. In this case, as shown in 
drawing 17 , when it makes the 1st layer into six volumes and a two-layer eye is made into five 
volumes, the die length of the part corresponding to the coil 1 12 of the 1st layer is 1 1 micrometers 
among magnetic-path length. Die length of a total of eight -10 micrometers is needed for magnetic-path 
length as a distance to the edge of the photoresist layer 1 13 for insulating the coil 1 12 of the 1st layer 
from the periphery edge and inner circumference edge of a coil 1 12 of the 1st layer. In addition, as the 
sign L0 showed magnetic-path length in drawing 17 , the die length of the part except the magnetic pole 
part of the magnetic pole layers and a contact part expresses with this application. Thus, conventionally, 
contraction of magnetic-path length is difficult and this had barred the improvement of a RF property. 
[0031] By the way, the coil is wound around the curled form in the thin film magnetic head shown in 
drawing 17 . on the other hand - U.S. Pat. No. 5,703,740, JP,48-55718,A, JP,60-1 13310,A, and JP,63- 
20 1908, A ~ a coil ~ a core [ layer / magnetic pole ] - carrying out - being spiral (spiral) ~ the wound 
thin film magnetic head is shown. Thus, since the magnetomotive force generated with the coil can be 
efficiently told to a magnetic pole layer according to the structure which wound the coil spirally, 
compared with the structure which wound the coil around the curled form, the number of turns of a coil 
can be lessened, consequently it becomes reducible [ magnetic-path length ]. 
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[0032] However, since the apex section can do a coil also in the conventional thin film magnetic head of 
the structure wound spirally in this way, the trouble which still originates in the apex section as 
mentioned above remains. 

[0033] This invention was made in view of this trouble, and the purpose is in offering the thin film 
magnetic head which enabled contraction of the width of recording track of an induction type MAG 
sensing element, and contraction of magnetic-path length, and its manufacture approach. 
[0034] 

[Means for Solving the Problem] The 1st and 2nd magnetic layers which consist of at least one layer 
including the magnetic pole part which the part of the side which the thin film magnetic head of this 
invention is connected magnetically, and counters a record medium counters mutually through a record 
gap layer, respectively, A part passes through between the 1st and 2nd magnetic layers in the condition 
of having insulated to the 1st and 2nd magnetic layers. It has the thin film coil spirally wound focusing 
on one [ at least ] magnetic layer. And the 1st magnetic layer It has the 1st part which counters some thin 
film coils, and the 2nd part which is connected to the field by the side of the 2nd magnetic layer in the 
1st part, and forms a magnetic pole part, and some thin film coils are arranged in the side of the 2nd part 
of the 1st magnetic layer. 

[0035] The 1st and 2nd magnetic layers which consist of at least one layer including the magnetic pole 
part which the part of the side which the manufacture approach of the thin film magnetic head of this 
invention is connected magnetically, and counters a record medium counters mutually through a record 
gap layer, respectively, The process which a part is the manufacture approach of the thin film magnetic 
head equipped with the thin film coil which passes through between the 1st and 2nd magnetic layers, 
and forms the 1st magnetic layer in the condition of having insulated to the 1st and 2nd magnetic layers, 
In the process which forms a record gap layer on the 1st magnetic layer, the process which forms the 
2nd magnetic layer on a record gap layer, and the condition of having insulated to the 1st and 2nd 
magnetic layers So that a part may pass through between the 1st and 2nd magnetic layers and it may be 
spirally wound focusing on one [ at least ] magnetic layer The process which forms the 1st magnetic 
layer including the process which forms a thin film coil The process which forms the 1st part which 
counters some thin film coils, and the 2nd part which is connected to the field by the side of the 2nd 
magnetic layer in the 1st part, and forms a magnetic pole part, and forms a thin film coil A thin film coil 
is formed so that some thin film coils may be arranged in the side of the 2nd part of the 1st magnetic 
layer. 

[0036] the thin film magnetic head or its manufacture approach of this invention ~ a thin film coil — a 
part — between the 1st and 2nd magnetic layers — passing — and a core [ magnetic layer / one / at least ] 
-- carrying out — being spiral (spiral) — it is prepared so that it may be wound. Thereby, contraction of 
magnetic-path length is attained. Moreover, in this invention, the 1st magnetic layer has the 1st part 
which counters some thin film coils, and the 2nd part which is connected to the field by the side of the 
2nd magnetic layer in the 1st part, and forms a magnetic pole part, and some thin film coils are arranged 
in the side of the 2nd part of the 1st magnetic layer. This becomes possible to form the 2nd magnetic 
layer on a flat field, consequently contraction of the width of recording track of a recording head is 
attained. 

[0037] Moreover, by the thin film magnetic head or its manufacture approach of this invention, a thin 
film coil has the part spirally wound focusing on the 2nd magnetic layer. 

[0038] Moreover, by the thin film magnetic head or its manufacture approach of this invention, the 2nd 
magnetic layer may have the magnetic pole partial layer which forms for example, a magnetic pole part, 
and the York partial layer which is connected to this magnetic pole partial layer, and forms the York 
part. In this case, a thin film coil may pass through the side of the 2nd part of the 1 st magnetic layer, and 
may have the 1st part spirally wound focusing on the 2nd magnetic layer, and the 2nd part which passed 
through the side of the magnetic pole partial layer of the 2nd magnetic layer, and was spirally wound 
focusing on the 2nd magnetic layer. Or a thin film coil may pass through the side of the 2nd part of the 
1st magnetic layer, and may have the 1st part spirally wound focusing on the 1st magnetic layer, and the 
2nd part which passed through the side of the magnetic pole partial layer of the 2nd magnetic layer, and 
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was spirally wound focusing on the 2nd magnetic layer. Moreover, the end face of the side which 
counters the record medium of the York partial layer of the 2nd magnetic layer may be arranged in the 
location distant from the field which counters the record medium of the thin film magnetic head. 
[0039] Moreover, by the thin film magnetic head or its manufacture approach of this invention, the 2nd 
part of the 1st magnetic layer specifies throat height, and you may make it the 2nd magnetic layer 
specify recording track width of face by it. 

[0040] Moreover, by the thin film magnetic head or its manufacture approach of this invention, some 
thin film coils arranged in the side of the 2nd part of the 1st magnetic layer may be covered further, and 
the insulating layer to which flattening of the field by the side of a record gap layer was carried out may 
be prepared. 

[0041] Moreover, by the thin film magnetic head or its manufacture approach of this invention, it is 
arranged so that a magnetic resistance element and the part of the side which counters a record medium 
may counter on both sides of a magnetic resistance element further, and the 1st for shielding a magnetic 
resistance element and the 2nd shielding layer may be prepared. In this case, the 1st magnetic layer may 
serve as the 2nd shielding layer. 
[0042] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a 
detail with reference to a drawing. 

[the gestalt of the 1st operation] with reference to drawing 1 thru/or drawing 7 5 the thin film magnetic 
head concerning the gestalt of operation of the 1st of this invention and its manufacture approach are 
explained first. In addition, in drawing 1 thru/or drawing 6 , (a) shows a cross section perpendicular to 
an air bearing side, and (b) shows the cross section parallel to the air bearing side of a magnetic pole 
part. 

[0043] By the manufacture approach of the thin film magnetic head concerning the gestalt of this 
operation, first, as shown in drawing 1 , the insulating layer 2 which consists of an alumina (aluminum 
203) is deposited by the thickness of about 5 micrometers on the substrate 1 which consists of 
ARUTIKKU (aluminum 203, TiC). Next, the lower shielding layer 3 for the reproducing heads which 
consists of a magnetic material, for example, a permalloy, is formed on an insulating layer 2 at the 
thickness of about 3 micrometers. The lower shielding layer 3 uses for example, the photoresist film as a 
mask, and forms it alternatively on an insulating layer 2 by the galvanizing method. Next, it grinds until 
it forms in the thickness of 4-6 micrometers the insulating layer 20 which consists of an alumina, for 
example, the lower shielding layer 3 is exposed to the whole with CMP (chemical machinery polish), 
and flattening processing of the front face is carried out. 

[0044] Next, as shown in drawing 2 , on the lower shielding layer 3, sputter deposition of an alumina or 
the CHITSU-ized aluminum is carried out, and the lower shielding gap film 4 as an insulating layer is 
formed. Next, the MR component 5 for playback is formed on the lower shielding gap film 4 at the 
thickness of dozens of nm. The MR component 5 is formed by etching alternatively MR film formed by 
the spatter. In addition, the component using the magnetosensitive film in which magneto-resistive 
effects, such as the AMR component, a GMR component, or a TMR (tunnel magneto-resistive effect) 
component, are shown can be used for the MR component 5. Next, the electrode layer 6 of the pair 
electrically connected to the MR component 5 is formed on the lower shielding gap film 4 at the 
thickness of dozens of nm. Next, the up shielding gap film 7 as an insulating layer is formed on the 
lower shielding gap film 4 and the MR component 5, and the MR component 5 is laid underground in 
the shielding gap film 4 and 7. 

[0045] Next, on the up shielding gap film 7, it consists of a magnetic material and 1st partial 8a of the 
lower [ an up shielding layer-cum-] magnetic pole layer (it is hereafter described as a lower magnetic 
pole layer.) used to the both sides of the reproducing head and a recording head is alternatively formed 
by the thickness of about 1.0-2.0 micrometers. 1st partial 8a of a lower magnetic pole layer counters 
some thin film coils mentioned later. 

[0046] Next, the insulating layer 9 which consists of an alumina is formed in the whole at the thickness 
of about 3-4 micrometers. Next, for example by CMP, an insulating layer 9 is ground and flattening 
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processing of the front face is carried out until 1st partial 8a of a lower magnetic pole layer is exposed. 
[0047] Next, as shown in drawing 3 , the 2nd partial 8b of a lower magnetic pole layer and 3rd partial 8c 
are formed on 1st partial 8a of a lower magnetic pole layer at the thickness of about 1.5-2.5 
micrometers. 2nd partial 8b forms the magnetic pole part of a lower magnetic pole layer, and is 
connected to the field by the side of the up magnetic pole layer of 1st partial 8a. 3rd partial 8c is a part 
for connecting 1st partial 8a and an up magnetic pole layer. In the gestalt of this operation, the location 
of the edge of the opposite side (it sets to drawing and is right-hand side) specifies throat height in the 
air bearing side 30 of 2nd partial 8b. That is, this location turns into a throat height zero location which 
is a location of the edge of the opposite side in the air bearing side 30 of a magnetic pole part. 
[0048] The 2nd partial 8b of a lower magnetic pole layer and 3rd partial 8c NiFe (nickel: 80 % of the 
weight, Fe:20 % of the weight), NiFe (nickel:45 % of the weight, Fe:55 % of the weight) which is a high 
saturation-magnetic-flux-density ingredient are used. You may form in a predetermined pattern by the 
galvanizing method, and using ingredients, such as FeN, FeZrN, etc. which are a high saturation- 
magnetic-flux-density ingredient, after a spatter, it may etch alternatively and you may form in a 
predetermined pattern by ion milling etc. In addition, CoFe, Co system amorphous material, etc. which 
are a high saturation-magnetic-flux-density ingredient may be used. 

[0049] Next, the insulator layer 10 which consists of an alumina is formed in the whole at the thickness 
of about 0.3-0.6 micrometers. 

[0050] Next, although not illustrated, the seed layer for forming the 1st layer part of a thin film coil by 
the galvanizing method on an insulator layer 10 is formed by the spatter. Next, on it, a photoresist is 
applied, patterning is carried out according to a photolithography process, and the frame 1 1 for plating is 
formed. 

[005 1] Next, 1st layer partial 12a of the thin film coil which consists of copper (Cu) by the frame 
galvanizing method is formed in the thickness of about 1.0-2.0 micrometers using a frame 11. 1st layer 
partial 12a of a thin film coil is arranged in the side of 2nd partial 8b of a lower magnetic pole layer. 
Moreover, 1st layer partial 12a of a thin film coil consists of a part of the shape of two or more square 
pole prolonged in the direction which intersects the space in drawing 3 (a). 
[0052] Next, as shown in drawing 4 , after removing a frame 1 1 and the seed layer under it, the 
insulating layer 13 which consists of an alumina is formed in the whole at the thickness of about 3-4 
micrometers. Next, for example by CMP, an insulating layer 13 is ground and flattening processing of 
the front face is carried out until 2nd partial 8b of a lower magnetic pole layer and 3rd partial 8c are 
exposed. Although it has not exposed, you may make it 1st layer partial 12a expose 1st layer partial 12a 
of a thin film coil by drawing 4 here. 

[0053] Next, as shown in drawing 5 , the record gap layer 14 which consists of an insulating material is 
formed at the thickness of 0.2-0.3 micrometers on 2nd partial 8b of a lower magnetic pole layer, the 3rd 
partial 8c, and an insulating layer 13. Generally as an insulating material used for the record gap layer 
14, there are an alumina, alumimium nitride, a silicon oxide system ingredient, a silicon nitride system 
ingredient, diamond-like carbon (DLC), etc. 

[0054] Next, for magnetic-path formation, on 3rd partial 8c of a lower magnetic pole layer, the record 
gap layer 14 is etched partially and a contact hole is formed. 

[0055] Next, the up magnetic pole layer 15 is formed on the record gap layer 14 at the thickness of about 
2.0-3.0 micrometers. Using NiFe (nickel:80 % of the weight, Fe:20 % of the weight), NiFe (nickel:45 % 
of the weight, Fe:55 % of the weight) which is a high saturation-magnetic-flux-density ingredient, the up 
magnetic pole layer 15 may be formed in a predetermined pattern by the galvanizing method, using 
ingredients, such as FeN, FeZrN, etc. which are a high saturation-magnetic-flux-density ingredient, may 
be etched alternatively and may be formed in a predetermined pattern by ion milling etc. after a spatter. 
In addition, CoFe, Co system amorphous material, etc. which are a high saturation-magnetic-flux- 
density ingredient may be used. Moreover, it is good also as structure which laid the insulator layer of 
an inorganic system, and magnetic layers, such as a permalloy, on top of many layers for the up 
magnetic pole layer 15 because of an improvement of a RF property. 

[0056] Next, the record gap layer 14 is alternatively etched by dry etching by using the up magnetic pole 
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layer 15 as a mask. Reactive ion etching (RIE) which used gas, such as chlorine-based gas of BC12 and 
C12 grade and fluorine system gas of CF4 and SF6 grade, is used for the dry etching at this time. Next, 
for example by argon ion milling, 2nd about about 0.3-0.6 micrometers partial 8b of a lower magnetic 
pole layer is etched alternatively, and it considers as trim structure as shown in drawing 5 (b). According 
to this trim structure, the increment in the effective width of recording track by the breadth of the 
magnetic flux generated at the time of the writing of a ** truck can be prevented. 
[0057] Next, the insulator layer 16 which consists of an alumina is formed in the whole at the thickness 
of about 0.3-0.9 micrometers. 

[0058] Next, although not illustrated, in the part of the both-ends top in the each [ 4] -sided prism part of 
1st layer partial 12a of a thin film coil, a contact hole which penetrates an insulator layer 16, the record 
gap layer 14, and an insulating layer 13, and reaches 1st layer partial 12a of a thin film coil by reactive 
ion etching or ion milling is formed. 

[0059] Next, 2nd layer partial 12b of the thin film coil which consists of copper (Cu) is formed by the 
frame galvanizing method at the thickness of about 1.0-2.0 micrometers on the insulator layer 16 located 
on the up magnetic pole layer 15. 2nd layer partial 12b of a thin film coil consists of a part of the shape 
of two or more square pole prolonged in the direction which intersects perpendicularly with the space in 
drawing 5 (a). The both ends in the each [ 4] -sided prism part of 2nd layer partial 12b of this thin film 
coil are connected to the both ends in the each [ 4] -sided prism part of 1st layer partial 12a of a thin film 
coil through the connection section by which the ingredient of a thin film coil is filled up with and 
formed in the above-mentioned contact hole. 

[0060] Next, as shown in drawing 6 , the overcoat layer 17 which consists of an alumina is formed in the 
thickness of 20-40 micrometers, flattening of the front face is carried out to the whole, and the pad for 
electrodes which is not illustrated is formed on it. Finally, polish processing of a slider is performed, the 
air bearing side 30 of a recording head and the reproducing head is formed, and the thin film magnetic 
head concerning the gestalt of this operation is completed. 

[0061] With the gestalt of this operation, the lower magnetic pole layer which consists of the 1st partial 
8a, the 2nd partial 8b, and the 3rd partial 8c is equivalent to the 1st magnetic layer in this invention, and 
the up magnetic pole layer 15 is equivalent to the 2nd magnetic layer in this invention. Moreover, the 
lower shielding layer 3 is equivalent to the 1st shielding layer in this invention. Moreover, since the 
lower magnetic pole layer serves as the up shielding layer, it is equivalent also to the 2nd shielding layer 
in this invention. 

[0062] Drawing 7 is the top view of the thin film magnetic head concerning the gestalt of this operation. 
In addition, in this drawing, the overcoat layer 17, other insulating layers, and an insulator layer are 
omitted. In addition, in drawing 7 , among drawing, sign 8B expresses the part into which 2nd partial 8b 
of a lower magnetic pole layer is etched, in order to consider as trim structure. 
[0063] As shown in drawing 7 , the up magnetic pole layer 15 has York partial 15B connected with 
magnetic pole partial 15A while being arranged to the field which counters magnetic pole partial 15A 
arranged in the location which counters 2nd partial 8b of a lower magnetic pole layer through the record 
gap layer 14, and 1st layer partial 12a of a thin film coil. The location of the connection section of 
magnetic pole partial 15A and York partial 15B is the throat height zero location TH0 or the location of 
the near. Magnetic pole partial 15A has narrow fixed width of face. The width of face of this magnetic 
pole partial 15A specifies the width of recording track of a recording head. 

[0064] Moreover, in drawing 7 , the sign 12 expresses the thin film coil containing 1st layer partial 12a, 
2nd layer partial 12b, and connection section 12c that connects these. 1st layer partial 12a of the thin 
film coil 12 and 2nd layer partial 12b are connected with the JIGUZAKU form through connection 
section 12c. Thereby, the thin film coil 12 is spirally wound focusing on York partial 15B of the up 
magnetic pole layer 15. 

[0065] As explained above, the thin film magnetic head concerning the gestalt of this operation is 
equipped with the reproducing head and a recording head (induction type MAG sensing element). The 
reproducing head is arranged so that the MR component 5 and the part of the side which counters a 
record medium may counter on both sides of the MR component 5, and it has the lower shielding layer 3 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



7/29/2004 



Page 9 of 16 



and up shielding layer (lower magnetic pole layer) for shielding the MR component 5. 
[0066] The lower magnetic pole layer (8a-8c) and the up magnetic pole layer 15 which consist of at least 
one layer including the magnetic pole part which the part of the side which a recording head is 
connected magnetically and counters a record medium counters mutually through the record gap layer 
14, respectively, It has the thin film coil 12 which the part passed through between a lower magnetic 
pole layer and the up magnetic pole layers 15, and was spirally wound focusing on the up magnetic pole 
layer 15 in the condition of having insulated to these. 

[0067] 1st partial 8a to which a lower magnetic pole layer counters 1st layer partial 12a of a thin film 
coil with the gestalt of this operation, It connects with the field by the side of the up magnetic pole layer 
15 in this 1st partial 8a, and has 2nd partial 8b which forms a magnetic pole part, and 1st layer partial 
12a of the thin film coil 12 is arranged in the side of 2nd partial 8b of a lower magnetic pole layer. 
[0068] According to the gestalt of this operation, since the thin film coil 12 was spirally wound focusing 
on the up magnetic pole layer 15, the magnetomotive force generated with the thin film coil 12 can be 
efficiently told to the up magnetic pole layer 15. Therefore, compared with the structure which wound 
the thin film coil around the curled form, the number of turns of the thin film coil 12 can be lessened. 
[0069] Furthermore, with the gestalt of this operation, it is on 1st partial 8a of a lower magnetic pole 
layer, 1st layer partial 12a of the thin film coil 12 is arranged to the side of 2nd partial 8b, flattening of 
the top face of the wrap insulating layer 13 is carried out for 1st layer partial 12a of the thin film coil 12, 
and the up magnetic pole layer 15 is formed on a flat field. Therefore, the both sides of 1st layer partial 
12a of the thin film coil 12 and 2nd layer partial 12b can be formed on a flat field. Thereby, it becomes 
possible to form the thin film coil 12 minutely. 

[0070] Furthermore, according to the gestalt of this operation, since the apex section does not exist, the 
edge of the thin film coil 12 can be arranged near the throat height zero location TH0. 
[0071] According to the gestalt of this operation from these things, for example compared with the 
former, it becomes extent reducible [ magnetic-path length ] 30 to 50% or less. Furthermore, it can 
prevent that the magnetomotive force generated with the thin film coil 12 is saturated on the way, and 
the magnetomotive force generated with the thin film coil 12 can be efficiently used for record. 
Therefore, according to the gestalt of this operation, it becomes possible to offer the thin film magnetic 
head which was excellent in the over-writing property which are the high frequency property of a 
recording head, a nonlinear transition shift (it is described as NLTS below Non-linear Transition Shift;.), 
and a property in the case of carrying out overwrite. 

[0072] Moreover, since according to the gestalt of this operation it is on 1st partial 8a of a lower 
magnetic pole layer, 1st layer partial 12a of the thin film coil 12 is arranged to the side of 2nd partial 8b 
and flattening of the top face of the wrap insulating layer 13 was carried out for 1st layer partial 12a of 
the thin film coil 12, the up magnetic pole layer 15 which specifies the width of recording track of a 
recording head can be formed on a flat field. Therefore, according to the gestalt of this operation, about 
magnetic pole partial 15A of the up magnetic pole layer 15, formation becomes possible minutely and it 
also becomes for example, a half micron dimension and a quarter micron dimension reducible [ the 
width of recording track of a recording head ]. The thin film magnetic head which has by this the surface 
recording density of the 20-30 gigabit / (inch) 2 demanded from now on also becomes realizable. 
[0073] Moreover, with the gestalt of this operation, the up magnetic pole layer 15 which specifies the 
width of recording track of a recording head does not specify throat height, but 2nd partial 8b of a lower 
magnetic pole layer specifies throat height with it. Therefore, according to the gestalt of this operation, 
even if the width of recording track becomes small, it becomes possible to be accurate and to specify 
throat height to homogeneity. 

[0074] Moreover, with the gestalt of this operation, since the wrap insulating layer 13 was formed for 
1st layer partial 12a of the thin film coil 12 arranged in the side of 2nd partial 8b of a lower magnetic 
pole layer and flattening of the top face of this insulating layer 13 was carried out, formation of 2nd 
layer partial 12b of the record gap layer 14 formed after that, the up magnetic pole layer 15, and the thin 
film coil 12 etc. becomes easy. 

[0075] Moreover, with the gestalt of this operation, since the insulator layer 10 which consists of an 
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inorganic material with which thin and sufficient withstand voltage is obtained is formed between a 
lower magnetic pole layer and 1st layer partial 12a of the thin film coil 12, big withstand voltage can be 
obtained between a lower magnetic pole layer and 1st layer partial 12a of the thin film coil 12. 
[0076] Moreover, in the gestalt of this operation, as shown in drawing 7 , the up magnetic pole layer 15 
has fixed width of face of 3 micrometers or more in the part of the opposite side in the air bearing side 
30, for example rather than the throat height zero location THO or the location of the near, and has the 
fixed width of face of a half micron dimension or a quarter micron dimension in the part by the side of 
the air bearing side 30 rather than the throat height zero location THO or the location of the near. 
Therefore, the magnetic flux which passes the up magnetic pole layer 15 is not saturated with the part of 
the opposite side in the air bearing side 30 rather than the throat height zero location THO or the location 
of the near, but is saturated in the part by the side of the air bearing side 30 rather than the throat height 
zero location THO or the location of the near. Thereby, NLTS and an over-writing property can be 
raised. 

[0077] With reference to [the gestalt of the 2nd operation] next drawing 8 thru/or drawing 10 , the thin 
film magnetic head concerning the gestalt of operation of the 2nd of this invention and its manufacture 
approach are explained. In addition, in drawing 8 and drawing 9 , (a) shows a cross section 
perpendicular to an air bearing side, and (b) shows the cross section parallel to the air bearing side of a 
magnetic pole part. 

[0078] As for the thin film magnetic head concerning the gestalt of this operation, a thin film coil is 
spirally wound around a duplex focusing on an up magnetic pole layer. With the gestalt of this 
operation, an outside part is called 1st part among this thin film coil, and an inside part is called 2nd 
part. In addition, the 1st part and 2nd part of a thin film coil are formed by each with copper. 
[0079] The process which forms an insulator layer 10 by the manufacture approach of the thin film 
magnetic head concerning the gestalt of this operation is the same as the gestalt of the 1st operation. As 
shown in drawing 8 , with the gestalt of this operation, 1st layer partial 21a of the 1st part of a thin film 
coil is formed by the frame galvanizing method on an insulator layer 10 after that at the thickness of 
about 1.0-2.0 micrometers. 1st layer partial 21a of the 1st part of a thin film coil is arranged in the side 
of 2nd partial 8b of a lower magnetic pole layer. Moreover, 1st layer partial 21a of the 1st part of a thin 
film coil consists of a part of the shape of two or more square pole prolonged in the direction which 
intersects the space in drawing 8 (a). 

[0080] Next, the insulating layer 13 which consists of an alumina is formed in the whole at the thickness 
of about 3-4 micrometers. Next, for example by CMP, an insulating layer 13 is ground and flattening 
processing of the front face is carried out until 2nd partial 8b of a lower magnetic pole layer and 3rd 
partial 8c are exposed. Although it has not exposed, you may make it 1st layer partial 21a expose 1st 
layer partial 21a of the 1st part of a thin film coil by drawing 8 here. 

[0081] Next, the record gap layer 14 is formed at the thickness of 0.2-0.3 micrometers on 2nd partial 8b 
of a lower magnetic pole layer, the 3rd partial 8c, and an insulating layer 13. Next, on 3rd partial 8c of a 
lower magnetic pole layer, the record gap layer 14 is etched partially and a contact hole is formed. 
[0082] Next, while forming in the thickness of 1.0-3.0 micrometers magnetic pole partial layer 15a 
which forms the magnetic pole part of an up magnetic pole layer on the record gap layer 14, magnetic 
layer 15b is formed in the location of the contact hole formed on 3rd partial 8c of a lower magnetic pole 
layer at the thickness of 1.0-3.0 micrometers. Magnetic layer 15b is a part for connecting the York 
partial layer of an up magnetic pole layer and lower magnetic pole layer which are mentioned later. With 
the gestalt of this operation, the die length of magnetic pole partial layer 15a of an up magnetic pole 
layer is formed more than the die length of 2nd partial 8b of a lower magnetic pole layer. 
[0083] Magnetic pole partial layer 15a and magnetic layer 15b of an up magnetic pole layer NiFe 
(nickel:80 % of the weight, Fe:20 % of the weight), NiFe (nickel:45 % of the weight, Fe:55 % of the 
weight) which is a high saturation-magnetic-flux-density ingredient are used. You may form in a 
predetermined pattern by the galvanizing method, and using ingredients, such as FeN, FeZrN, etc. which 
are a high saturation-magnetic-flux-density ingredient, after a spatter, it may etch alternatively and you 
may form in a predetermined pattern by ion milling etc. In addition, CoFe, Co system amorphous 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 7/29/2004 



Page 11 of 16 



material, etc. which are a high saturation-magnetic- flux-density ingredient may be used. 
[0084] Next, the record gap layer 14 is alternatively etched by dry etching by using magnetic pole partial 
layer 15a of an up magnetic pole layer as a mask, next 2nd about about 0.3-0.6 micrometers partial 8b of 
a lower magnetic pole layer is alternatively etched for example, by argon ion milling, and it considers as 
trim structure as shown in drawing 8 (b). 

[0085] Next, the insulator layer 22 which consists of an alumina is formed in the coil formation field on 
the record gap layer 14 at the thickness of about 0.3-0.6 micrometers. 

[0086] Next, 1st layer partial 23a of the 2nd part of a thin film coil is formed in the thickness of about 
1.0-2.0 micrometers by the frame galvanizing method. 1st layer partial 23a of the 2nd part of a thin film 
coil is arranged in the side of magnetic pole partial layer 15a of an up magnetic pole layer. Moreover, 
1st layer partial 23a of the 2nd part of a thin film coil consists of a part of the shape of two or more 
square pole prolonged in the direction which intersects the space in drawing 8 (a). 
[0087] Next, the insulating layer 24 which consists of an alumina is formed in the whole at the thickness 
of about 3-4 micrometers. Next, for example by CMP, an insulating layer 24 is ground and flattening 
processing of the front face is carried out until magnetic pole partial layer 15a and magnetic layer 15b of 
an up magnetic pole layer are exposed. 

[0088] Next, as shown in drawin g 9 , magnetic pole partial layer 1 5a of an up magnetic pole layer and 
magnetic layer 15b by which flattening was carried out, and York partial layer 15c which forms the 
York part of an up magnetic pole layer on an insulating layer 24 are formed in the thickness of about 2-4 
micrometers. Through magnetic layer 15b, this York partial layer 15c contacted 3rd partial 8c of a lower 
magnetic pole layer, and is connected magnetically. Using NiFe (nickel:80 % of the weight, Fe:20 % of 
the weight), NiFe (nickel:45 % of the weight, Fe:55 % of the weight) which is a high saturation- 
magnetic-flux-density ingredient, York partial layer 15c of an up magnetic pole layer may be formed in 
a predetermined pattern by the galvanizing method, using ingredients, such as FeN, FeZrN, etc. which 
are a high saturation-magnetic-flux-density ingredient, may be etched alternatively and may be formed 
in a predetermined pattern by ion milling etc. after a spatter. In addition, CoFe, Co system amorphous 
material, etc. which are a high saturation-magnetic-flux-density ingredient may be used. Moreover, it is 
good also as structure which laid the insulator layer of an inorganic system, and magnetic layers, such as 
a permalloy, on top of many layers for the up magnetic pole layer 15 because of an improvement of a 
RF property. 

[0089] With the gestalt of this operation, the end face of the side (air bearing side 30 side) which 
counters the record medium of York partial layer 15c of an up magnetic pole layer is arranged in the 
location (it sets to drawing and is right-hand side) distant from the field which counters the record 
medium of the thin film magnetic head. 

[0090] Next, the insulator layer 25 which consists of an alumina is formed in the whole at the thickness 
of about 0.3-0.9 micrometers. 

[0091] Next, although not illustrated, in the part of the both-ends top in the each [ 4] -sided prism part of 
1st layer partial 23a of the 2nd part of a thin film coil, a contact hole which penetrates an insulator layer 
25 and an insulating layer 24, and reaches 1st layer partial 23a of the 2nd part of a thin film coil by 
reactive ion etching or ion milling is formed. 

[0092] Next, 2nd layer partial 23b of the 2nd part of a thin film coil is formed by the frame galvanizing 
method at the thickness of about 1.0-2.0 micrometers on the insulator layer 25 located on York partial 
layer 15c of an up magnetic pole layer. 2nd layer partial 23b of the 2nd part of a thin film coil consists 
of a part of the shape of two or more square pole prolonged in the direction which intersects 
perpendicularly with the space in drawing 9 (a). The both ends in the each [ 4] -sided prism part of 2nd 
layer partial 23b of the 2nd part of this thin film coil are connected to the both ends in the each [ 4] - 
sided prism part of 1st layer partial 23a of the 2nd part of a thin film coil through the connection section 
by which the ingredient of a thin film coil is filled up with and formed in the above-mentioned contact 
hole. 

[0093] Next, the insulating layer 26 which consists of an alumina is formed in the thickness of about 6-8 
micrometers, and flattening of the front face is carried out to the whole. 
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[0094] Next, although not illustrated, in the part of the both-ends top in the each [ 4] -sided prism part of 
1st layer partial 21a of the 1st part of a thin film coil, a contact hole which penetrates an insulator layer 
26, an insulator layer 25, the record gap layer 14, and an insulating layer 13, and reaches 1st layer partial 
21a of the 1st part of a thin film coil by reactive ion etching or ion milling is formed. 
[0095] Next, 2nd layer partial 21b of the 1st part of a thin film coil is formed by the frame galvanizing 
method on an insulating layer 26 at the thickness of about 1.0-2.0 micrometers. 2nd layer partial 21b of 
the 1st part of a thin film coil consists of a part of the shape of two or more square pole prolonged in the 
direction which intersects perpendicularly with the space in drawing 9 (a). The both ends in the each [ 4] 
-sided prism part of 2nd layer partial 21b of the 1st part of this thin film coil are connected to the both 
ends in the each [ 4] -sided prism part of 1st layer partial 21a of the 1st part of a thin film coil through 
the connection section by which the ingredient of a thin film coil is filled up with and formed in the 
above-mentioned contact hole. 

[0096] Next, the overcoat layer 17 which consists of an alumina is formed in the thickness of 20-40 
micrometers, flattening of the front face is carried out to the whole, and the pad for electrodes which is 
not illustrated is formed on it. Finally, polish processing of a slider is performed, the air bearing side 30 
of a recording head and the reproducing head is formed, and the thin film magnetic head concerning the 
gestalt of this operation is completed. 

[0097] With the gestalt of this operation, the up magnetic pole layer which consists of magnetic pole 
partial layer 15a, magnetic layer 15b, and York partial layer 15c is equivalent to the 2nd magnetic layer 
in this invention. 

[0098] Drawing 10 is the top view of the thin film magnetic head concerning the gestalt of this 
operation. In this drawing, an overcoat layer, other insulating layers, and an insulator layer are omitted. 
In this drawing, the sign 21 expresses the 1st part of the thin film coil containing 1st layer partial 21a, 
2nd layer partial 21b, and connection section 21c that connects these. Moreover, the sign 23 expresses 
the 2nd part of the thin film coil containing 1st layer partial 23a, 2nd layer partial 23b, and connection 
section 23c that connects these. 1st layer partial 21a of the 1st part 21 of a thin film coil and 2nd layer 
partial 21b are connected with the JIGUZAKU form through connection section 21c. Thereby, the 1st 
part 21 of a thin film coil is spirally wound focusing on York partial layer 15c of an up magnetic pole 
layer. Similarly, 1st layer partial 23a of the 2nd part 23 of a thin film coil and 2nd layer partial 23b are 
connected with the JIGUZAKU form through connection section 23c. Thereby, the 2nd part 23 of a thin 
film coil is spirally wound focusing on York partial layer 15c of an up magnetic pole layer. 
[0099] Moreover, the 1st part 21 and 2nd part 23 of a thin film coil are connected by the connection 
section 29. A contact hole which penetrates an insulator layer 25, the record gap layer 14, and an 
insulating layer 13, and reaches 1st layer partial 21a of the 1st part 21 of a thin film coil is filled up with 
the ingredient of a thin film coil, and the connection section 29 is formed in it. 

[0100] As shown in drawing 9 , 1st layer partial 21a of the 1st part 21 of a thin film coil passes through 
the side of 2nd partial 8b of a lower magnetic pole layer. Moreover, 1st layer partial 23a of the 2nd part 
23 of a thin film coil passes through the side of magnetic pole partial layer 15a of an up magnetic pole 
layer. 

[0101] Since the thin film coils 21 and 23 wound around the duplex focusing on the up magnetic pole 
layer were formed according to the gestalt of this operation, compared with the gestalt of the 1st 
operation, magnetomotive force of a thin film coil can be enlarged and NLTS and an over-writing 
property can be raised more. 

[0102] Moreover, since according to the gestalt of this operation 1st layer partial 21a of the 1st part 21 
of a thin film coil is arranged to the side of 2nd partial 8b of a lower magnetic pole layer and flattening 
of the top face of the wrap insulating layer 13 was carried out for this 1st layer partial 21a, magnetic 
pole partial layer 15a of an up magnetic pole layer can be formed on a flat field. Therefore, according to 
the gestalt of this operation, about magnetic pole partial layer 15a, formation becomes possible minutely 
and it also becomes for example, a half micron dimension and a quarter micron dimension reducible 
[ the width of recording track of a recording head ]. 

[0103] Moreover, although the thin film coils 21 and 23 wound around the duplex are formed with the 
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gestalt of this operation While arranging 1st layer partial 21a of the 1st part 21 of a thin film coil to the 
side of 2nd partial 8b of a lower magnetic pole layer Since 1st layer partial 23a of the 2nd part 23 of a 
thin film coil has been arranged to the side of magnetic pole partial layer 15a of an up magnetic pole 
layer, York partial layer 15c of an up magnetic pole layer can be formed on a flat field. Therefore, 
according to the gestalt of this operation, formation also of York partial layer 15c is attained minutely, 
and it becomes possible [ preventing generating of the so-called side light ]. 

[0104] Moreover, with the gestalt of this operation, the end face by the side of the air bearing side 30 of 
York partial layer 15c of an up magnetic pole layer is arranged in the location distant from the air 
bearing side 30 of the thin film magnetic head. Therefore, even when throat height is small, York partial 
layer 15c of an up magnetic pole layer cannot be exposed to the air bearing side 30, consequently 
generating of a side light can be prevented. 

[0105] The configuration of others in the gestalt of this operation, an operation, and effectiveness are the 
same as the gestalt of the 1st operation. 

[0106] With reference to [the gestalt of the 3rd operation] next drawing 1 1 thru/or drawing 13 , the thin 
film mind head concerning the gestalt of operation of the 3rd of this invention and its manufacture 
approach are explained. In addition, in drawing 1 1 and drawing 12 , (a) shows a cross section 
perpendicular to an air bearing side, and (b) shows the cross section parallel to the air bearing side of a 
magnetic pole part. 

[0107] The thin film magnetic head concerning the gestalt of this operation has the 1st part around 
which the thin film coil was spirally wound focusing on the lower magnetic pole layer, and the 2nd part 
spirally wound focusing on the up magnetic pole layer. In addition, the 1st part and 2nd part of a thin 
film coil are formed by each with copper. 

[0108] The process which forms the lower shielding gap film 4, the MR component 5, and the up 
shielding gap film 7 by the manufacture approach of the thin film magnetic head concerning the gestalt 
of this operation is the same as the gestalt of the 1st operation. As shown in drawing 1 1 , with the gestalt 
of this operation, 8d of magnetic layers which consist of a magnetic material is formed after that at the 
thickness of about 1-2 micrometers on the up shielding gap film 7 located on the MR component 5. 8d 
of this magnetic layer makes a part of lower shielding layer. Next, for example by reactive ion etching or 
ion milling, while etching the shielding gap film 4 and 7 in the field which forms a thin film coil, about 
1-2 micrometers of lower shielding layers 3 are etched, for example, and a crevice is formed. 
[0109] Next, the insulator layer 31 which consists of an alumina is formed in the whole at the thickness 
of about 0.3-0.6 micrometers. Next, 1st layer partial 32a of the 1st part of a thin film coil is formed by 
the frame galvanizing method on an insulator layer 31 at the thickness of about 1.0-2.0 micrometers. 1st 
layer partial 32a of the 1st part of a thin film coil consists of a part of the shape of two or more square 
pole prolonged in the direction which intersects the space in drawing 1 1 (a). 

[0110] Next, the insulating layer 33 which consists of an alumina is formed in the whole at the thickness 
of about 3-4 micrometers. Next, for example by CMP, an insulating layer 33 is ground and flattening 
processing of the front face is carried out until 8d of magnetic layers is exposed. 
[0111] Next, as shown in drawing 12 , 1st partial 8a of a lower magnetic pole layer is alternatively 
formed by the thickness of about 1 .0-2.0 micrometers on 8d of magnetic layers, and an insulating layer 
33. Next, the insulating layer 9 which consists of an alumina is formed in the whole at the thickness of 
about 3-4 micrometers. Next, for example by CMP, an insulating layer 9 is ground and flattening 
processing of the front face is carried out until 1st partial 8a of a lower magnetic pole layer is exposed. 
[0112] Next, the 2nd partial 8b of a lower magnetic pole layer and 3rd partial 8c are formed on 1st 
partial 8a of a lower magnetic pole layer at the thickness of about 1.5-2.5 micrometers. Next, the 
insulator layer 10 which consists of an alumina is formed in the whole at the thickness of about 0.3-0.6 
micrometers. 

[0113] Next, although not illustrated, in the part of the both-ends top in the each [ 4] -sided prism part of 
1st layer partial 32a of the 1st part of a thin film coil, a contact hole which penetrates an insulator layer 
10 and an insulating layer 33, and reaches 1st layer partial 32a of the 1st part of a thin film coil by 
reactive ion etching or ion milling is formed. 
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[01 14] Next, 2nd layer partial 32b of the 1st part of a thin film coil is formed by the frame galvanizing 
method on an insulator layer 10 at the thickness of about 1.0-2.0 micrometers. 2nd layer partial 32b of 
the 1st part of a thin film coil is arranged in the side of 2nd partial 8b of a lower magnetic pole layer. 
Moreover, 2nd layer partial 32b of the 1st part of a thin film coil consists of a part of the shape of two or 
more square pole prolonged in the direction which intersects perpendicularly with the space in drawing 
12 (a). The both ends in the each [ 4] -sided prism part of 2nd layer partial 32b of the 1 st part of this thin 
film coil are connected to the both ends in the each [ 4] -sided prism part of 1st layer partial 32a of the 
1st part of a thin film coil through the connection section by which the ingredient of a thin film coil is 
filled up with and formed in the above-mentioned contact hole. 

[0115] Next, the insulating layer 13 which consists of an alumina is formed in the whole at the thickness 
of about 3-4 micrometers. Next, for example by CMP, an insulating layer 13 is ground and flattening 
processing of the front face is carried out until 2nd partial 8b of a lower magnetic pole layer and 3rd 
partial 8c are exposed. Although it has not exposed, you may make it 2nd layer partial 32b expose 2nd 
layer partial 32b of the 1 st part of a thin film coil by drawing 12 here. 

[01 16] Next, the record gap layer 14 is formed at the thickness of 0.2-0.3 micrometers on 2nd partial 8b 
of a lower magnetic pole layer, the 3rd partial 8c, and an insulating layer 13. Next, on 3rd partial 8c of a 
lower magnetic pole layer, the record gap layer 14 is etched partially and a contact hole is formed. 
[0117] Next, while forming in the thickness of 1.0-3.0 micrometers magnetic pole partial layer 15a 
which forms the magnetic pole part of an up magnetic pole layer on the record gap layer 14, magnetic 
layer 15b is formed in the location of the contact hole formed on 3rd partial 8c of a lower magnetic pole 
layer at the thickness of 1.0-3.0 micrometers. 

[0118] Next, the record gap layer 14 is alternatively etched by dry etching by using magnetic pole partial 
layer 15a of an up magnetic pole layer as a mask, next 2nd about about 0.3-0.6 micrometers partial 8b of 
a lower magnetic pole layer is alternatively etched for example, by argon ion milling, and it considers as 
trim structure as shown in drawing 12 (b). 

[01 19] Next, the insulator layer 22 which consists of an alumina is formed in the coil formation field on 
the record gap layer 14 at the thickness of about 0.3-0.6 micrometers. Next, 1st layer partial 34a of the 
2nd part of a thin film coil is formed in the thickness of about 1.0-2.0 micrometers by the frame 
galvanizing method. 1st layer partial 34a of the 2nd part of a thin film coil is arranged in the side of 
magnetic pole partial layer 15a of an up magnetic pole layer. Moreover, 1st layer partial 34a of the 2nd 
part of a thin film coil consists of a part of the shape of two or more square pole prolonged in the 
direction which intersects the space in drawing 12 (a). 

[0120] Next, the insulating layer 24 which consists of an alumina is formed in the whole at the thickness 
of about 3-4 micrometers. Next, for example by CMP, an insulating layer 24 is ground and flattening 
processing of the front face is carried out until magnetic pole partial layer 15a and magnetic layer 15b of 
an up magnetic pole layer are exposed. 

[0121] Next, magnetic pole partial layer 15a of an up magnetic pole layer and magnetic layer 15b by 
which flattening was carried out, and York partial layer 15c which forms the York part of an up 
magnetic pole layer on an insulating layer 24 are formed in the thickness of about 2-4 micrometers. 
[0122] Next, the insulator layer 25 which consists of an alumina is formed in the whole at the thickness 
of about 0.3-0.9 micrometers. 

[0123] Next, although not illustrated, in the part of the both-ends top in the each [ 4] -sided prism part of 
1st layer partial 34a of the 2nd part of a thin film coil, a contact hole which penetrates an insulator layer 
25 and an insulating layer 24, and reaches 1st layer partial 34a of the 2nd part of a thin film coil by 
reactive ion etching or ion milling is formed. 

[0124] Next, 2nd layer partial 34b of the 2nd part of a thin film coil is formed by the frame galvanizing 
method at the thickness of about 1.0-2.0 micrometers on the insulator layer 25 located on York partial 
layer 15c of an up magnetic pole layer. 2nd layer partial 34b of the 2nd part of a thin film coil consists 
of a part of the shape of two or more square pole prolonged in the direction which intersects 
perpendicularly with the space in drawing 12 (a). The both ends in the each [ 4] -sided prism part of 2nd 
layer partial 34b of the 2nd part of this thin film coil are connected to the both ends in the each [ 4] - 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



7/29/2004 



Page 15 of 16 



sided prism part of 1st layer partial 34a of the 2nd part of a thin film coil through the connection section 
by which the ingredient of a thin film coil is filled up with and formed in the above-mentioned contact 
hole. 

[0125] Next, the overcoat layer 27 which consists of an alumina is formed in the thickness of 20-40 
micrometers, flattening of the front face is carried out to the whole, and the pad for electrodes which is 
not illustrated is formed on it. Finally, polish processing of a slider is performed, the air bearing side of a 
recording head and the reproducing head is formed, and the thin film magnetic head concerning the 
gestalt of this operation is completed. 

[0126] Drawing 13 is the top view of the thin film magnetic head concerning the gestalt of this 
operation. In this drawing, an overcoat layer, other insulating layers, and an insulator layer are omitted. 
In this drawing, the sign 32 expresses the 1st part of the thin film coil containing 1st layer partial 32a, 
2nd layer partial 32b, and connection section 32c that connects these. In addition, in drawing 13 , a part 
of 1st part 32 of a thin film coil is omitted. Moreover, the sign 34 expresses the 2nd part of the thin film 
coil containing 1st layer partial 34a, 2nd layer partial 34b, and connection section 34c that connects 
these. 1st layer partial 32a of the 1st part 32 of a thin film coil and 2nd layer partial 32b are connected 
with the JIGUZAKU form through connection section 32c. Thereby, the 1st part 32 of a thin film coil is 
spirally wound focusing on 1st partial 8a of a lower magnetic pole layer. Similarly, 1st layer partial 34a 
of the 2nd part 34 of a thin film coil and 2nd layer partial 34b are connected with the JIGUZAKU form 
through connection section 34c. Thereby, the 2nd part 34 of a thin film coil is spirally wound focusing 
on York partial layer 15c of an up magnetic pole layer. 

[0127] Moreover, the 1st part 32 and 2nd part 34 of a thin film coil are connected by the connection 
section 39. A contact hole which penetrates an insulator layer 25, the record gap layer 14, and an 
insulating layer 13, and reaches 2nd layer partial 32b of the 1st part 32 of a thin film coil is filled up 
with the ingredient of a thin film coil, and the connection section 39 is formed in it. 
[0128] As shown in drawing 12 , 2nd layer partial 32b of the 1st part 32 of a thin film coil passes 
through the side of 2nd partial 8b of a lower magnetic pole layer. Moreover, 1st layer partial 34a of the 
2nd part 34 of a thin film coil passes through the side of magnetic pole partial layer 15a of an up 
magnetic pole layer. 

[0129] According to the gestalt of this operation, since a thin film coil has the 1st part 32 spirally wound 
focusing on the lower magnetic pole layer, and the 2nd part 34 spirally wound focusing on the up 
magnetic pole layer, compared with the gestalt of the 1st operation, it can enlarge magnetomotive force 
of a thin film coil, and can raise NLTS and an over-writing property more. 

[0130] The configuration of others in the gestalt of this operation, an operation, and effectiveness are the 
same as the gestalt of the 1st or the 2nd operation. 

[0131] This invention is not limited to the gestalt of each above-mentioned implementation, but various 
modification is possible for it. For example, although the lower magnetic pole layer prescribed throat 
height, you may make it an up magnetic pole layer prescribe throat height with the gestalt of each 
above-mentioned implementation. 

[0132] Moreover, although the gestalt of each above-mentioned implementation explained the thin film 
magnetic head of the structure which read to the base side, formed MR component of business, and 
carried out the laminating of the induction type MAG sensing element for writing on it, it is good even if 
reverse in this built-up sequence. 

[0133] That is, it may write in a base side, the induction type MAG sensing element of business may be 
formed, and MR component for reading may be formed on it. Such structure is realizable by forming in 
a base side by using as a lower magnetic pole layer the magnetic film which has the function of the up 
magnetic pole layer shown in the gestalt of the above-mentioned implementation for example, and 
forming the magnetic film which has the function of the lower magnetic pole layer it was indicated to 
the gestalt of the above-mentioned implementation that countered it as an up magnetic pole layer 
through the record gap film. In this case, it is desirable to make the up magnetic pole layer of an 
induction type MAG sensing element and the lower shielding layer of MR component make it serve a 
double purpose. 
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[0134] Moreover, this invention is applicable also to the thin film magnetic head only for the records 
equipped only with the induction type MAG sensing element, and the thin film magnetic head which 
performs record and playback by the induction type MAG sensing element. 
[0135] 

[Effect of the Invention] As explained above, since a part passes through between the 1st and 2nd 
magnetic layers and it is spirally wound focusing on one [ at least ] magnetic layer, as for a thin film 
coil, according to the manufacture approach of the thin film magnetic head according to claim 1 to 10 or 
the thin film magnetic head according to claim 1 1 to 20, contraction of the magnetic-path length of an 
induction type MAG sensing element does so the effectiveness of becoming possible. Moreover, the 1st 
part to which the 1st magnetic layer counters some thin film coils according to this invention, It 
connects with the field by the side of the 2nd magnetic layer in the 1st part, and has the 2nd part which 
forms a magnetic pole part. Some thin film coils Since it is arranged in the side of the 2nd part of the 1st 
magnetic layer, the effectiveness that become possible to form the 2nd magnetic layer on a flat field, 
consequently contraction of the width of recording track of an induction type MAG sensing element is 
attained is done so. 

[0136] Moreover, according to the manufacture approach of the thin film magnetic head according to 
claim 4 or the thin film magnetic head according to claim 14, since a thin film coil is spirally wound 
around a duplex focusing on the 2nd magnetic layer, the effectiveness of becoming possible further to 
enlarge magnetomotive force of a thin film coil is done so. 

[0137] Moreover, according to the manufacture approach of the thin film magnetic head according to 
claim 5 or the thin film magnetic head according to claim 15, the effectiveness of becoming possible to 
enlarge magnetomotive force of a thin film coil further since a thin film coil has the 1st part spirally 
wound focusing on the 1st magnetic layer and the 2nd part spirally wound focusing on the 2nd magnetic 
layer is done so. 

[0138] Moreover, according to the manufacture approach of the thin film magnetic head according to 
claim 6 or the thin film magnetic head according to claim 16 The 2nd magnetic layer is connected to the 
magnetic pole partial layer which forms a magnetic pole part, and this magnetic pole partial layer. Since 
the end face of the side which has the York partial layer which forms the York part, and counters the 
record medium of the York partial layer of the 2nd magnetic layer has been arranged in the location 
distant from the field which counters the record medium of the thin film magnetic head Furthermore, the 
effectiveness that it can prevent writing data also in fields other than the field which should be recorded 
is done so. 

[0139] Moreover, further, since according to the manufacture approach of the thin film magnetic head 
according to claim 7 or the thin film magnetic head according to claim 17 the 2nd part of the 1st 
magnetic layer specifies throat height and the 2nd magnetic layer specified recording track width of 
face, even if the width of recording track becomes small, the effectiveness of becoming possible to be 
accurate and to specify throat height to homogeneity is done so. 

[0140] Moreover, since the insulating layer to which some thin film coils arranged in the side of the 2nd 
part of the 1st magnetic layer were covered, and flattening of the field by the side of a record gap layer 
was carried out was prepared according to the thin film magnetic head according to claim 8 or the thin 
film magnetic head according to claim 18, the effectiveness that formation of a record gap layer, the 2nd 
magnetic layer, etc. becomes easy is further done so. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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ti fc t zm&m 3 *»,■> l 5 o^-rnfrfcE*© 

^N'V Fo 40 

h/w u mess 2 ©Ktts^iH^ h^-y?<m 

c fc *W«i:r *H*« i^L6 ©vvf ft 
^tee*0»JW8«^y Ko 

[m&s 8 ] tuiem 1 ©Ki4^©m 2 ©as#© 
«3Sr»cEii«ftftW»3-r^o— »*BH/\ weea* 
+ yyjWloiB*«Ffflfl:«ftfc«IMi*<l*fcc 

*^L7©V»^ft*»ICB«0»««« 

•^•v F„ 

[gf#JS9] »c % Stasia*? fc» GAMKtfcttA so 



Kfgg 2 0 0 0-3 1 1 3 1 1 



'T5fflll©-g|5^BufB8taS*t^ : ?^S(5A,-p»|Bl-r5<fc-5 

ke««*u s>jfB«ag*tm ; ?^>'-;vF-rsrci6©ai 

w*ai a^U8©^-rft^teis*©«iiat*^-y f. 
m&ni o] toiafg 1 ©«ffli«\ mes2©->- 

Ot'»-fft*»k:C*<0WMK*'Ny F. 

13 ««B9lcMiSft» loE»«ftK» 
ft*"**©— S&tffBS^-f y y/l^LTSVHCjPflPl-r 
*-ft^ft'>&< fc <t> 1 OOJlft»6& 
& Ml 1 33 «fe a*H 2 ©BSfflf fc % 

mem 1 * *tf*2o«ttJit»LT*6»sftfctttt 

T% -gp^tuEH 1 ©«ftS©P^^iijM-r^ 

laejir 1 ©ens® we&t is t , 

MiEU 1 ©5Bl1SJB©±lc, tufEfBil4^ >y 7Vi£JS/£T 
Silt, 

miess i &&vm2<Dm&micitfLTiim-£nrzVim 

T\ -«tftMBSS 1 fc*tf*2 ©«ttJi©M*a»U 

fie* i o»ttJi*«*-rsnjBa:, «wswiii3-f^o 
sacsB2o»ttJWWoffiK»»sftx «w»»*jgiar 

WEWIl3-f>H&»J«-ftiai*x tuI2»Kn^;P©- 
tttfOTBfB i oKtt»o»2 o»»©fltSr»cai«ft* 
j:3tc?s(i3^;i/^^^-rscfc^it®fc-rs mm®. % 

cn*^i 2] toEWiia-r^jgja-rszstix w 
em 2 o«e»*t»'&»c LTiwe«»c#igsftfc«»* 
*rr s ffn =i -f >i/*»riw- set fc r zm&m 1 

[11^13] MlBJS2 0«1t«*JBJ«rsn^eH:. 
*C fc*««fr*»*JH 1 1 C*0«W««'N-y F© 

<o«it»**i>»cbTiiai«fc*®sftfc* i <^sp» 

fc. WIBMI2©8Jffii©S£^a5^fl©||!l^^3ijaL, if} 
[ffi^l 5] KJIBWlll3'f;V*Jg«raiiBa:, m 



NttftfNy F©8Bft#ffi. 

So 

[B 1 7 ] tfflE& 1 <0Sfii^^t5Iitt, 
1 oMftltSAU 

taiBfg 2 o»tti*?giat«i8i4, tuiam 2 ©bs^/i 

[M&R 1 8 ] Wc, iulBfg 1 coK14Ji<0^ 2 <D35# 

01*9(1 9] Stc, C««f*te» 
mi 4BJ:Cf]K 2 FBtfcJBJSfSXg^tfC 
OI«9i 2 0 ] ffifBfg 1 ©«tt B tt. I0GJII 2©->- 

[000 1] 

[0 0 0 2] 

■WHMSTWTSB^ y F i: fft&ffl LJB©«iKS 

Jfi (iXTx MR (Magneto-resistive) £ fcSBT. ) % 
Ffc*«jlLfc#^oa*SWR« 

[0 0 0 3] tC5T% Ei'N-y F©1£tg©?^ IBS 



(3) #Bfl 2 0 0 0-3 1 1 3 1 1 



[0 0 0 4] CCT% 01 4&VL01 7£#«gLT\ 
!ie*oWl«««'NyF©aB6*ttO--ffili:bT, ttttS! 

fes 01 4&(/^L01 7»C$5VT N (a) 1117^7'; 
>yffiteS**Kffi*ijSLx (b) immmft'DX-T'*. 
10 ryv^fc^RfcBrE^LTVSo 

[0 0 0 5] <KDSBg73Sr?»±, £*\ 01 4lC^bfc 
m*.li£T/Uf-4 -y? (A I2O3 • T i C) <fe >? 
fcSSffil 0 1<D±»C, WUfT^VS-f (A I2O3) <fc 
t)45»I10 2^ i&5~l 0 m mSSOJP^T'it 
mtZo at, tfitHli 0 2©±te. ffi14*f*4<fc vfcS 
SS^vj, KjeoTflB'— * KM 1 0 3 5Mt5o 

[0 0 0 6] TB~>— /1/KJi 1 0 3«D±»C Ix. 

tfT'.rt/S^l 0 0-2 0 0 nm©fWi:X/^7^iia 
U IBM t LTOTSP^-^ F3=* ?3 p I10 4«g 

20 ^-rsc *ic rat^— /uK^fy^ai 0 4©±ic 

S4fflOMRff 1 0 5Sr, »+nmO**teJgj«-r 
5„ TSPSz-^l/F^-y^Ml 0 4©±K. MR 

i?io5 tm^wic&^ns— **©®ss 106% 

[000 7] TSP->-;l/ F^-v 'y^I l 0 4 fej; 
IfMRi?10 5 ©±£, SfeSiJii: LT©±g|5->-;l< F 
^t7^I10 7^U MR^fl0 5%«>-;VK 
4 : t-y7'I1 0 4, 1 0 7 mdmmt 5„ 

[000 8] ^fC. ±gp->-;V F^* ^I107<01 
30 , m&ttfttP 6 * •? » S^-n -y F i IBS^ y K <035Wr 
^c«^^e,ns±95->-;^FBMTa5«1S/i (JMT. 

mmmtmto ) 108%, m3 l im<omw^m,t 

So 

[0 0 0 9] 01 5lc^L/c:j;^{i:. TffttSJI 
1 0 8<D±fc. *6i^K. t»JAtf7';P5^«J:»?*5fBS 
^+771109*0. 2 MmOP^-lC^-TSo ^ 
fc. )Kg&Jgj£©fc«>£. IBS^-yySl 0 9^95^ 

So #tc* M@gi5^c*5^SfB^-^-y7 p jl 1 0 9O1 

40 mm^-y Fmommtn* k> &z>±&mm?- ? 7 1 

10%, 0. 5 — 1. 0 nm<DB&-lcBj&-?2> 0 £(Dt 
|3)B#tc, KSS^©fc46©3>^^ hd>— ;H 0 9 
a ©±fc. JKB5Jg*Ofc4{>©«tt»S3{ii»6*S«ttJi 1 
1 9%Mt5o 

[0 0 1 0] ^tc. 01 6lc^Lfd<fc^{;:. IfflMffi^ 

v7i 1 o^x^tLT, -r^-v= yv^ctoT, 

IBiS^^ y yjB 1 0 9 ^TSPffi®! 1 0 8 *xy 
-TSo 016 (b) tc^Lfcfco^, ±gi5^1SgP» (± 
S58SH^>y:/l 1 0) , IBgS4 i: -vy7 ,, Sl 0 9*5<fctfT 
so g|5K<SM l 0 8 ©— 8P©*«BtfSlIfc: i B^-&«Jfc?g 



(4) 



ftffl 2 0 0 0 - 3 1 1 3 1 1 



i&ztirzmmi.. hvi* ana) mmtmsnzo 

[0 0 1 1] Xlc. Affile. mz.l£TJl<=L-fm&*)l3:& 

vmm\ i i£s »5 3 tim<vm&ic&i£irz>o c 
commm\ i i*. ±mm^-j-f\ i o&&um.&m 

[0 0 12] w-mitttxtcmmmi i io±k, 
mz-i£m ecu) iijasRwoEai'NfKfflojfii 
fiiosis-f^i 1 2%**-r*. ttdMi i 

lfe^yn^H 1 2©±l^ 7*hU->*XMl 1 3 

ei i s^a^^Jitc-rsfciftfcm^oias^^Qa 

t5. #IC V X*hL'v > XhBl 1 3<D±fC x ®2lg 
Si 1 3feilf3'f;H 1 4±lC. 7* FUv'XhJll 

[0 0 13] 01 7»C^Lfc*^lC, ±^68®^- 

•y^l 1 0, 7* hUv'XhJil 1 3, 1 1 5J3J:1>'1 
1£Jf 1 1 9£D±{C X «k\*KI©«ftm 0ll*.tf/< 2t> 

±smmm\ 1 6<o±fc. mtfTvi/s •?-<}; 9 fcs*- 

So 

[0 0 1 4] 01 7lc*5<,vc, THtt, Xu-WW F 
£r^U MR — H lis MRWh^lT^S, &*5, 

^m©w»*t*©«;£ g*s) s:^?. mra 

*HM<E>ffiSI53:T?<DgS GSS) fcv>-5o 0 1 7 
Sit^T, P2W14. ttSKB. ■j-**>51E»h9v*tt& 

T, 7D-h;Wh^MRA^Hoit, 01 7lc*5 
^TeT5SLfc<fc?&X^-y;7X7'V^';l' (Apex Ang 
le) C©X'f^7^X7y^Hi> 7*M^ 

XMl 1 3, 1 1 5Tmt>t\Tlhmz&K>±&-orc3 

OTK x-Y^y^XgRtm?. ) tfei^I 40 

mM<Dwm<Dft®%mxmi&i:mmi8 1 1 i©±m:© 

[0 0 15] 

[%W*Wb«fc^t-rsl!IS] ■■W*'Ny KOttfJB 
£:Ir]±£-£SU:«, 0 1 7 fc^LTtJ^&Xn— h-'W 
h T Hs MRMKMR-H, X^yi'77>y;V8 

ST* 5. 

[0 0 16] Wte, ifi^tt, Wffi«flaBfSk*Rl(l6i:-r* 



[0 0 17] CCT\ F4M£:&£©l;iU x-Y-^-y^Xgp 

[00 1 8] tc3T\ ±»«Wli*}gj5ar*35Ftti:L 
Tli, W7-2 6 2 5 1 9^fiili:iSn 

3<fc-?lc, 7b-Z i J6-3tS^^5,tl5. 71^— A46 

^^X35©±£:£*6fy;:. j&MttJ^-TD-i'.fcO* 
V^X^Xgfc.itJ/^-^v^LT. *-D*<Ofca6 

[0 0 19] kCZb\ x^-y*X8Bfc<i©SP#i:T? 
ti. 0>J*.{f7~l 0 MmW±<Dig«M*^2.o C©x-T 
^•y^XgP±fC 7* M/-7Xh^3~4 /xm©JP2*T* 
^fi-fS. x^-y^gp±©;7* hl^Xh©&fftf 
S{g3/tmJW±^M-Z?$.5frSi:. $mfe.<D$>z>y* 

©TTaT'li. 8 ~ 1 0 m&L±<DBfr<D7 * h U 

[0 0 2 0] ±5EO*'5fc , 9-r5^o>T}iSofBSh^ 

fifoTs X-f-*-y?xa5±T% 8—1 0 /x mJiLh 
©P*©&3:7* hl^XMJgJCfc^T, ^^n> 

K^^-Vi|BT*^-rS C t «ia3fiXiS±®ii)TBIlT* 
[002 1] Lfrfe. 7* by V^7wOajt«rtc, 
COS*f)tlcJ;-3Tt7tM'->*XhtfS)tLT, 7* 

ms.7* hi/->*x j-/^?-v*«wc.n*<*5o 

[0 0 2 2] C©,t5fc, ftWHWItrSi'a 

[0 0 2 3] C<r>£r>t<s.<l k£f>e>. ±5E<O«£^!l©0 1 
5*^b01 7£DXST"£>^LfcJ;'5lc, fESH\>y KO 
$lEh^-y^<0^fiKlcW??!)*±g|5Ki(l^-y7 , l l Otcfco 
T\ 1. 0MmttT<0h9v^»£}B«Lfc^ C©± 
«BWy7i l 0fc}gg£$nS3-<7gp»i:*SJigp 

6 2-2 4 5 5 0 9^^, ^MBS6 0- 1 04 0 9f 



(5) 



2 0 0 0-311311 



m^-yyi 1 0 t3--?%&£%;2>±&W.Wm l l 6£ 

i o£\ mm^^yymi 0 9©±©fg^i 

[0 0 2 4] LfrLfctf?., CcDidfcjS^&Sl^y P 

[00 25] ( 1 ) g-f, 0 1 7 IC^Lftfifcfc^riSiK n 
^•yFT-ti, ±gp^^-y^l 1 0 tioTie^-y 
K©h^-y^ifg^^?nSfc46. ±SP68<liil 1 6 

a, ±.mm*vy\ loizzicitwmicjjajLirz&m 

^mffls #£0. 5 /xml-XTlc4-3T< ±358811 
ill 1 6fcfeV^Tt.-9-^5^nvi|g<D5toX?Sa^S5lcS 
n§. LfrLfctf?.,. t¥?l5©i§KBi^>y KT'ti. ±35 

mmmi 1 6t±x^^^35c>±fc:j£j£2n£ctfr 

ifgcD»t/^±a5ffiE^-y^l 1 OlcMVT&iZmz&Wi? 
S^tffeSC ±358111^ -y 71 1 OitJtlt 

<Dfl?MBi^'N-y KT'Ji, ±358£fgJl 1 1 6 li±358»^ 
77*1 1 0i.K> i>£^mcBl£-$nZ>o ^(Otctb. 
©111^7 KT-li, ±35J&I&JI 1 1 6ffl!lT#€&# 

^2ji^>3gic^fiELfc^^c, a-^^imicmm-r 

[00 26] ( 2) £7-c, ^©BS^-N-y FT'ti, ±35 
fiftl^-y^l 1 OOXT'^7''; V^7*Bl 1 8frC.iSt,Mai 

U C€>±35ffltlS^-y7l 1 0 ©*§*«&<& 3 7* 
h V V ^7 7 -< -1C*5^T\ /^-yiy i/ffllfrtt 

8<D*aX, W«XS»c43V>T^ MRfg^h^-y^ffli; 

h77 LT. 0. 5~0. 6/tm'M%ttt> 
±35&*g?--y7l 1 OOXT'CTyyyil 1 8fr£>ig 
vMftJ<Dfimi35tfXci— h/vf h-tfnffcB (Xa- h/W h 
^St5M(0x7^7 U ^^®<ftJ©«5©&@) 
7 b^x7 7 ^7U>ySl 1 8ffl!llc-rn. ^ilKfEfl^-V 

[0 0 2 7] ±fE (1) , (2) (OmmMfrZ, ft* so 



[0028] c 3 ) mic, '&&<Dmmmm.^ •> kth±, 

(Yoke Length) *«< "T5 C £:tfEgiT*$>5 i: 

ti£. BJSSSOSl/^-y K^rl|Il-r5<li:^T'*s #tc 
i85^«#14^Mn^fH»^-y K^t5ct^t't5 
tf, 3-Y;Hf-y^^PS0 4</h«< LT^-Dfci^ X 
a- h/W h-tfafiLB^e.xi^;l/<D^^$T*(D^gt 

l^fc. SJgggti. 1 /lOn^/biO^ilO^-'r.'l'CDTS- 
tfJK-e*?.;! £fr?>, £-<«0iWii&fl§©iegK\>y KT* 
«2jl3^;l/^SfflLrv^o LfrLfctf?.. 

<Dtmm*mi£?zKi!>i^ -7*y u^x hk^2 m 

y1.^^cl±^^:^t;fc/|^4x.Y^-y^X3iA^^$ 

omc, x^^-y^X35«D<g^35Tn±, 3^ ;!/©->— F 

2 S g £D n /HiTSSBlcTg/ST £ 5„ 

[0 0 2 9]fct, mtf. n-i';l/<Off^^:2~3 /i 
mi:L, n-r;l/P^*6eK«OiP* ;, r2 (imiU x-T-s-y 

7X7y^4 5' -5 5° t-t&t., msmtvr 

4~5/imOffig|cD2^ (±35SJ®ili:T35BS<l® 
3V^r^ hg|5^c ) n-i';l/F 1 3^ST'CD^gt*>4~5 /xm 

[0 0 3 0] CCT\ Mz.l£. . 0 ^ 

m, X^— XAM . 0/imfDl 1 #3-Y;l/^r 2^T^fiic 

iiig^6#, 2mgzsm£?z>t, mmm<Dr>-z. 

HlOa^H 1 2^*fiS-r?>a5^<D5$lil 1 /xm 

2CD^aS*3itfrt^4S<i;»?. lilg<D=i^;l/l l 2£ 
*6i^-rSfci?)C»7* h^'XMl 1 3<D«5ST-<DIE 
gttLT, -g-f+8—1 0 finKDS^^gtC^So 4 
*tBHT'tt, SSSSS^ 01 7lcfeV>T??^LoT' 

[003 1] £ c 0 l 7 tc^bfcSMm^-y K 

mtf*HWBSr5. 7 0 3, 7 4 0f, 4»MBS4 
8-5 5 7 1 8^«> -1 1 3 3 1 0^ 

a« IfSBBS 6 3 - 2 0 1 9 0 8W£mci±, n-Ol/fc, 



(6) 



mm 2 0 0 0-3 1 1 3 1 1 



So 

[0 0 3 2] LfrbfctfSs C©cfc^^n^;l/^K« 
[0 0 3 3] ^H^a^SP^M^lCSg^T^^nfcfe 

©t\ ^(osmt. mm.mm.9^kmi-(oY ; 7"j^m<r> 

[00 3 4] 

[§g®£fi?i*-r3fci6£D#iS:] ^BJco^^^^ F 

m2<DMte.mt, Ml feiyS2 08ttlti:J>fLT^i 20 
£nfc#cMT*s -SBtfMl :fc<fctfM2©fi^&f©F.g£:;ii 

«n>OP©-»teSti*i*-** l ©SB#t. * i ©8P#fc: 

^-*jB2©as»i*wu w«=i-oke>— aio 

fi&ffiiOfg 2 ©gp^©ffl!l73 tfflitlTt^ fc©T& 
[00 35] *fRHDinnX'N7 K©Bifi#ttfci\ « 

*-n-rn4>*< tti o©/ifrS>fc5Mi*5<fctjM2© 
#*st% 1 *5<fco*^ 2 ©«it«©K*aa-r s 
Ts mioffittts^fig-rsxst. sti©»si£«©± 

2 ©KttB t » l t *e»« nft««^ — mm 1 43 «t 
xm 2 ©jKteJB©iffl;&iiig u jao'>* < t &-:>?©& « 

m±. si3-f;Ko- gwcttiRj-rsmi ©§&#£> ^1 

[0 0 3 6] *^(OSI«^.y K$fc«*-©8HfeS' 



10 

3|gl©SP#£:. »1 ©*#fc45tt«IIS2©«teJi«!© 

U «W3-f;H0-»ii, |gi ©&1£/I©lif 2©33#© 
ffl^tcIEB^nSo c*uc<i:t>> I2 0lttiwa* 
S©±tc Jgfig-T 5 C fc # rTI6 t & tK 
•y F©b^y^©©*i/J^Rr^*S. 
[0 0 3 7] ^OilRUK'Ny FSfctt*© 

[0 0 3 8] Sfc N *«W©»«l8»'N'y FSfcttt© 

co«aas»Ji>c««*nx 3- 

5 3- £ 3r*f LT V>T fe <fc l\, 

c©*-&, WRa-nwi, Mi ©«teii©lfl2©g|5#© 
flttrfciffilU »2©«ttJl*i*»^k:LT!fatRk:#® 

SttfcMfl )B2©tt1^©a«B#*©flf£r 

t, m2<om&m(Dmm%iftm<omtttmmu ^2© 

WLT^TfeJ:^ M2©^14g©3-^a5^M 
OflStM«ft:fc»lS0-r*fi8OflB®*x SK^^-N-y F©fE 

[0 0 3 9] ^OffMBSCN? FSfctt*© 

8Bft#Si-C«i, * 1 ©«tt«©M2 ©SP^Xn- b/N 

[0 0 4 0] *«W<0WiBK*'Ny F*fctt*0 

mmftmrHi, wc. mi©Ki4ii©M2©a5«-©ffiij^ 

[0 04 1] *«MO»iBK*^y FSfctttO 

H * tu «»fi*ial6?* - ^ F-T % fc* ©M 1 43 J; 
M2©'>-7l/F«t%KttTt>J;^o c©^-&, Mi© 
KttJlti, fg2©'>-;l/Ffli*j|l4aTV>T*><kv-«. 
[0 0 4 2] 

cm 1 <onm<DBm] *-r, 0i*^LH7«r#sab 

*tf^-©S!ig7??itC)V^TiiW-r5 0 Bl^t^L 
0 61C43VT, (a) ttx7^7'J >y®»cSlS*Wfffi 



(7) 



2 0 0 0-311311 



11 

*iRU (b) ttK@SP#Ox7^7'J V^»c¥fir% 

[0043] *mM<o&mimz>mmm^v v<ow& 

73iSTl±s m l iCTTsLtck r>lc m*.l£7 fly- -< 

(AhOi-Ti C) <fc9££S&l ©±t;: N 
{£7/1/5^ (AI2O3) it)%5W2^ $55/im 
©JP^T-ifatTSo #fc. *6*fyi 2 <D±fc, «tt*m, 

/■3*. SU3 /xmCff^tc^fig-T^o TSP^>-^KB3 

SHtjcoT, *e^ui2©±icii^eg^^'r5<, 

iftt, mt£7;l'S:J-<fct>&3*g*»i2 0^. 

4-6 /im<OjPWCJgj#U mtfCMP (fb¥^MW 

[00 4 4] ^Ic, 0 2 IC^Lfc TSP->— ;l/H 

r« 4 wc, T»s/-;i/ 4© 

So &*5, MR^5lC{±. AMRff, GMRfg^ 

So ^tc, Ta3->-^K4 J -vy7'BS4€>±{c. MRlf 

ff*»c««-r *. T»3/->U K^-V -y 7lg 4 *5<£ 

tf M R 5 <D±tc, *6*iJI fc LT©±a5->— fl 

4, TrtlcffifS-rS. 

[ 0 0 4 5 ] ±ap->-;l/ K^-v -y 7 <0±tc, 

v^n5±sp->-;i/F)gjiTaPKffis cut, T8H88i 

Bfcffifo ) ©^ 1 <D35# 8 a $\ *t)l. 0 — 2. 0 /i 

[0 0 4 6] &»C N fftlis etlA{f7 , ;l'5^* 0*5*6 
*fJl9*. *53~4 ft mOP^CJgfiK-rSo -^tc. #J*. 
{f CM P lc its!, TSP^SBOM 1 <OS$# 8 a #BfcH 40 

[0047] m3ic7jkLrc&5\c, T^mmmo 

m 1 <D$& 8 a <D±tC. TSPlilO^ 2 8 b *5 

<fctf»3 08P#8 c«\ Jftl . 5 — 2. 

3o *3©fl5#8c«s ffil £>35#8 a fc±»tt««i: 

» 2 OSfrfr 8 b OX7^7 y >ySB 30 t JiEfcNHS (H so 



12 

[0 0 4 8] TSPK^^2<Dgf#8 b*5 J:tf»30 
35#8 cttx N i F e (N i : 8 011%, F e : 2 0 

mm%) ^ ie«w«««««»T?«*N i f e cn 

i : 4 511%, F e : 5 511%) fe-sf? 
«5R«fl»JS-e*S F e N, F e Z r N*<D»S*:fl§ 

lC*>, *ISftKjR**«8T«*CoFe f Com 

[0 0 4 9] ^IC. ^ttlc. W*fcf771/^cfc 9*5*6 
»K10*. JKJ0. 3-0. 6 ^mOJP^C^-rSo 

[0 0 5 0] ^JC, H^b*^^*^ 0O±JC, 
^6 o J: oiling 1 Jl»#* JR*-T * 

7^ISlcJ;^/^-xyybT N £>^%(Drz#><Dyu 
-A 1 1 ^T5o 

[005 1 ] :fclc N 71/-A 1 1 *m^T, 7U~-l±&b 
o€3£tc<fcoT. fHAUTM (Cu) «fc 5fcS»BI=3>f ;l/ 
O^l ilSP^l 2 a^. WtLI&&1 . 0 — 2. 0/xmO 

SSS^l 2alt 03 (a) JCfe^S 

[0 0 5 2] ^tC. 0 4 IC^Lfccfc^lC 7U-L1 1 

5^-J:t>ast6»jll 3^r. S?)3 — 4 fim<Dm&lc&j£ 
irSo ffJJttfCMPteioT, TSPS«lJi<D!fl2 

^liias^l 2 a^Sait-^J;-9tcLTt>cfcV>o 
[0 0 5 3] ^tC. 0 5^bfccfc-5tC. Ta5K@«0 
^2035^8 b £Jg3<033#8 c. **lfJB«IB 1 30 
±te, ISWffiiOaiEa^y^il 4*. 
0. 2-0. 3 iim^icMt^o ES^^yS 
1 4tcffimT^*6^«^i:LTti:. 7;b^ 

Mt^^^-^A, s/y3v»ft»K#£k i/yn 

>Sffc«3R»S. ^nyF^^^V (DL 
C) H^feSo 

[0 0 5 4] ^tc, «iS*J«Oft«>Jc:. Ta$8£<lJlO|f| 
3<0»»8cO±k:*^ fS»^y^»l 4^:35^ 

[0 0 5 5]^c, IH^^-v 7^114 0±tc. ±g|5fi5 



(8) 



WBB 2 0 0 0-3 1 1 3 1 1 
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MM I 5%, fflz-l£1fo2. 0 — 3. 0 \i mOf^^S 
-T^o ±W«ffiJB 15^ N i F e (N i : 8 OfiM 
%, F e : 2 Oii%) *\ *«*HBE*«fi**»-e*S 
N i F e (N i : 4 5fiS%, F e : 5 5Mg%) ^F£r 

loU M&mmZVmmttft'V&Z F e N, FeZrNl 
l\ COflMcfe. *ttftOESl«*«fiT**CoFe f 

c o%y*:?v7TX$tw%:m^T*>&\,\ &it^ ntm& 10 
w&<D^m<ot^ ±sssssm\ 5^ *«^o«63sk 

[0 0 5 6] #IC. ±«HKJIl 5^X^^LT, K 

*fcf. BCI2, ChioaSJS*^ CF4, SFe 

(R I E) SW^&tlSo m»7;vrfw 

SJ?W&Cij$0. 3 — 0. 6fimiSxyf^lt^ 0 
5 (b) fc^L^i^fthyAWifii-rSo COhUix 

[0 0 5 7] #lc. ^lc, mtf7;l/S^«fct?fta«6 
1116^ t50. 3 — 0. 9|imOff*Jcjgj5g-r5o 
[0 0 5 8] #ac, 0^L&t/^ »!3^;K0glI 

lC3ol^T> ^(fSJCStt^^VXy^V^W^V^U 30 

*g«t/l 1 3 *IIlTffi3>f;K0» 1 Jf 1 2 a tc 

[0059] *ic % ±^mmm 1 5 cD±icfiffif3*§*i 
(Cu) <fcoas»Bl3-f;KoS2««»i 2 b* N m 

Klitfil. 0 — 2. 0 ^mOjP^^^JSg-TSo fR3^ 
;l/©Sg2JB»»l 2bt±, ^5 (a) KjSttSffiSlCIk 

^W«t3^1/<DW2 JMKfr 1 2 bo*eaftew»fc*» 40 

cDfg 1 1 2 a <0«EgftttSP»JCfe»ai5«»k:» 

[0 0 6 0] &lc, 06Jc^b/fcJ;?te> ^*tc 0>J* 
ifT;l/5^<fc»J*5^--/^-=i- h« 1 7£\ 0>J*.tf2 
0-4 0/imcojP^lcJgfiEL, ^£0^a^r¥S<kbT, 

frs? KOX7^7 U Vfl30 #*6£e> so 
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[006 1] **SS<0Jg®-e«x Ml <D§0#8 a, S2 

[0 0 6 2] 0 7 li, *HffllOJgjiS»C^SSMfiai^y 
KOVtEHTN&S. £45, C<90-ei*. 3— h 

Si 7*f\ *OttO»IIUI*J:tfWIW*&«WbTV^ 
So fc*3, 07K$3^t\ 04U ?3H§8Bt*, MJ-MS 

[0 0 6 3] 07lC^LfcJ;5tC, ±Miil 5t*. 

b tJ*i«o"r*fildBk:EIItrtifc«S»«r i5Ai, WM 
3-f;KDmi«8B#l 2 aKttlfirf -g>Sf«U:IBM£n5 
£#lcfi£iga5#i 5Afc3«K«tlft3-^»»l 5Bi: 
£WLTt/->5„ WISfS#l 5 A 1 3-^35#l 5Bb<D 
S^gBOfflBlix XD-h;\^H!0ffiBTHOtft8 

JtOWfcfcLT^*. C<DfiB®gP#l 5 AOfii'SS'N 

[0 0 6 4] Sfc, 0 7fc*5V>t\ WW 1 2 I*. M 1 6 

ap» 1 2 a ig2/ia$# i2bi, c*i?>;&j**£-r 5 
-on 2 1 1 2 atm2m&#i 2 bi±, a 

[0 0 6 5] JWJbSffiB Ufc J: 5 fc. *SISS<0^»c^5 

fcJ6©TSi5'>-^ FS 3 fe J: tf±SP->-;V KS (TSPK 
[0 0 6 6] gg'N-y Kt±. KStWtcase^n. flOfB 

l-r)(Djl*>e,*STgP^1lH (8a~8c) *5itf±SP 

WTaRKffiifeitfiflWfflBl l 5<DW£iIiSU So 
-f;H 2 k^WLTVS. 

[0 0 6 7] **SSO^.HT"t±, TSPlS<l^l*s iHSMn 
W^OMl JBSP^l 2 a tC^lpj-TS^ 1 <OS5#8 a 



(9) 



nm 2 0 0 0-311311 
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\ 2<om\ Mfflft 1 2 a tt N T9$£@Jf OSf! 

[0 0 6 8] #fgffi^«lCctntf. WMn^M 2 
«\ ±8RKffi»l 5**i^cbTBIffi**c#EIbfcO 

ill 5^eit^C^^T#So ^Ofcfex 
«IMi«*»c»BIbfc«BBlcIt^T. 2£> 

[0 0 6 9] MIC #*»<0Jg«-?t±s IK3^/H 2 

1 2<D»lJMMfrl 2 a £113 MM 1 30±ffiWfl 
ftU ±SPfl8®f 1 5*¥S*ffi©±£iftSLT^5o 
^COfc^ 20^1 BSP^l 2 a £92/1 

gp^ 1 2 b <D55W3\ ¥ffl*SO±^JBfigf S C £tf T* 

[0 0 7 0] JEte* x>f*<y * 

X^tf#£L&^<QT% xn-hA^H?DfifflTHO 
©5S<fc* »I3^;W 2 0«MtBH-*«il:*«-ee 

[0071] cti^cDctfrz, &gm<D&mz&n 

fcf. Witff«E*lcH:^T3 0-5 o %tt*FiSt, ®SS 

1 2T^uft^**a&*i<cak:fiM , r«cfctf 

H« Kitted 3mB V 7 1/^3^7}* (Non-line 
ar Transition Shift I WK NLTS ^IH^o ) 

<D«nfcSMi«a^y f « c t # rtci * a • 

[0 0 7 2] ^SaS^JgJBJCtn^ 

1 2<om\m^\ 2 a*. Taaa»Hi©»i©«»8 

>f;l/l 2©fglB35#l 2 a«ra«5«63^Bl 3^±®^r 

^^ui/^mc^mm\mm^h^r) ^ mn^v f© 

S*i«2 0-3 O^tflf *y Y/ Wy*?) 2 ©ffifE§t^ 
[0 0 7 3] Sfc. E*^ ho h 

«e-r*oT«ft< N Tanttwoiii2oas»8 b#x 
p-h;^ht«gt8. Sot, **«ojB»u:«fcn 

tf. h?y>Stf/h«<4oT6, Xn- h/W 
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[0 0 7 4] Sfc. **«StfDJBtt-p«, ~FSP®@Ji©3S 

2 <osf$# 8 b ofiij^ icmwz ntcmm^ << >i> i 2^1 
2 a*n?*s3i/ii 3*««\ ccommmi 3 

[0075] xmmwieMreit* T^mmmt, 

W ;i/ 1 2 OS 1 1 2 a owtc x ^< 10+ 
»4«»iBBEtf»5n*^»«<fcDa6WWIil Otf 

10 K^enso-e. TwaataOTfeWM^^^i 2 ©an a 

[0 0 7 6] £fc> *HJS0«»-Ptt. H7^U?t± 

die ±^mmm\ 5*±. xn-h/wufDffliTH 

0 £fc«*©a#<Dffiflt<fc t? fex7^7« V^ffi 3 0 £ 

U xd - h ;W h-g DflfflT H 0 Sfclif©2«Offi 
let Hx7^7 V y^ffi3 0 W^tl^ /v- 7^ 

tx7^7UViW3 0 fcliS*HfflOSP»TliiafiJ* 
■j\ Xn- b^f DfiiT H 0 Ifclif^MOfi 

n^<feO. NLT S**— hWtt*ia±3T** 

[0 0 7 7] W2©*Jfc<DJBIEI B8&t^LB 

1 0*#B8bT. *^0»2 0*»OJg«l»C«*l»lll 

30 B8*3cfctfB9lC*5^T. (a) ftx7^7Vvy 

BteSt&BrffifciSU (b) ft±«a»»OX7'^7'y 

[0 0 7 8] FW\ » 

±aWEM**AK:LT«tt«Jc2«|c# 

40 [0079] *nm<Dmmic&2>mmm^ ^ Foaea 

JgffiTtts Wft, 0<D±\C, 7U-K&-o% 

Siciot, »«=i-f;i/0»io»»o»iJi»«:2 1 

a£\ 0 — 2. 0 /xmOIP^tC^jST^o 

»Bir3^;l/(7)9 l ©»#(D» 1 JfgP^ 2 1 a it, TSHK 
8iBom2^gp^8 bOWSteEBSn*. ®K 
a^;V0^1coa5»omiJia5»2 1 ati. 08 (a) 

so »»*66So 



(10) 



mm 2 0 0 0 - 3 1 1 3 1 1 
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[0 0 8 0] &l£. m{fT;l/5i-J:0*S«fe 
BIS 1 3£\ *53~4/imOf*tMt5. M 
Atf CMPtioT, TSBfl&<I/I©tit2©a5#8 b£Jg 

&E;£¥£{fc#ySfS. CCT\ 0 8T*t4. Il3>f;V 
©Sgl ©gB#©8ll /fg&#2 1 aliWHLTl^&^tf* 
miJBffl#2 1 atfBHJt5J:^lcl/Tt>^\ 
[008 1] TflRKS)K092O9S^8 b ttS3 

©gp#8c. fc<ta**6i^jii 3©±k. m&Jr^-yym 

14*Mz-l£0. 2 — 0. 3(imOS*tMt5. ^! 10 
ic, T«BHBi'0»3oa!»8c©±fciBl''Tx CS* 

[0 0 8 2] ^C, ES^7 7U 4©±lc, ±gpa£ 
8Sl<0?K®aP^*^-r5KffigP^ 15a*l. 0- 
3. T»«tt»0»3 

tc, EBtfSJI 1 5b^l. 0 — 3. 0 fim<DmfrlC&lg,-r 

*. mnmi 5 bit, ^t^immmns-if^ 

[0 0 8 3] ±fftt&M©KSaftMi 1 5 afeitf&tt 
m 1 5 b «\ N i F e (N i : 8 0 Sfi%, F e : 2 0 

aa%) ^ i$mm$immtnT*%>%ii \ f e cn 

i : 4 511%, F e : 5 5ftS%) 
BJWBSPB8Tf*« FeN, FeZr NfOS^ffl 

[008 4] mc, ±wwsm<owsmftm i5ai&7 

1 4^jl«^cx-y^V^ r L, ^IC, 0!JiLt£:r;HfW 
r^Sy^tiot, TS3S»l&B©S§2©g|$#8 b£ 
ilKWKSftO. 3-0. H 
8 (b) t^Lfc^d^hU LM&ftZ* 

[0 0 8 5] &lc, fBS^-V<yyjl 1 4<D±<D3^« 

mtf7rt'S*.J:t>ft*»»W2 2*, *?J 40 
0. 3 — 0. 6 iim<DW-Mcl$lfc?Z> 0 

[00 86] ^tC, 7 U-Afc-p -oT^ »S£=i 

-^©^©^©JfllJIgP^ 3 a*, MACftH 1 . 

o~2. o \l m<DmMc&m?% 0 »&=3-oi/©^2© 
sp»o^ i /ias# 2 3 a ±.mmw§<DWimftm i 

5 aOflij73lcSHB^n5o Sfc, W«3-l'7K0fll2O» 
»OSlIS»2 3a(i, 08 (a) fc43tt5«Sfc355 

[0 0 8 7] mz-l£T)l>3ii- < $ir)%;%& 
Bm2 4*, 3$3 — 4 /im<DJP*t^-r§o #J so 
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*.{£C M P lC<£ o"£\ ±35&«I©®i&a5#g 1 5 a *S 
<fctf«14B 1 5 bWIUJtS*?. ^112 4£P«L 

[0 0 8 8] -klC, 0 9tC^L7c<t^^ ftfc 
±aRtt«JI©tt&flKMI 1 5 a*5<ktf®14JI 1 5 b 

TS, C©3— irWftmi 5 ctt, ffiffll 1 5 bttfth 
T. T95J£®i©lft3©a5#8 c tftttU Mtmicm 
»LT^«. ±SB«l»I©3-*gB#ja 1 5cU, N i 
F e (N i : 8 0«M%, F e : 2 011%) •*>> iSIS 
»8H!«S«flT?*8N i F e (N i : 4 5«S%, F 
e : 5 5«S%) ^*fl§t\ £>oSj£fc£ otM^©^ 

FeN, F e Z r Nt©tfS5:Il\ X/W*^, -f;* 
TOt'SSCoFe, CoI7W7X«f^ffl^T 

[0 0 8 9] *Sat©Jg»-Cttx ±««»l©3-*«5 
3 0M> ©SfSSte.. WiBKSl'N'y KO®8MW**:»iRi-r 

*ffi^6«nfcflMi CHicfe^-caiM) tEi?nt^ 

So 

[0 0 9 0] ^mc, M^ST^StiDSSa 

SQ0. 3—0. 9/im©I*CfSt5„ 
[009 1] ^fCs H^L^V^ fi3-f';KDl20 
35»©M 1 /1SI3#2 3 a<o$egASfls^ic«(tsPi«» 

4^MaLTifM3^;l/©^2©aP»©^lSgp^2 3 

[0 0 9 2] ±Si5iffiE^B©3-^SP»Sl 5 c© 

oT, Wtta-f ^©»2©»#©» 2 Ji*# 2 3 b*, 
mtfi^Jl. 0-2. 0/im©f»CMt5. SI3 
-Y.>l/©Sg2©a5#©?g2Jig|5#2 3 btt, 09 (a) tc 

»3&»6ft5. COW»3-f;H0JB2OaJ»OiB2*»» 
2 3 b©#E3ftSgR^fc^5M«8SI5t±, ifH©^* 

a*S»*^bT, »K3^;l/©M2©g)5»©^l m&ft 

[0 0 9 3] ±mc, mz.&T)V=ii-£.K> 

mm2Git, m*~i£ms~ 8 ^©jp^cjg/su ^© 

[0 0 9 4] ^»C, 0^L*t->*^ li^'f^l© 



(11) 



2 0 0 0-311311 
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ca*+ yymi 4 &&u&mm i 3%«ibTt$&:3 

[0 0 9 5] <fcfc, *6SW2 6©±£. 7l^-A46o* 

b £\ #J;U£#) 1 . 0 — 2. 0 nm(OmfrlcBl£,-?Z„ 
Wm=t^^<0»l ©gB#©fg2«a5#2 lbB, 139 
(a) fc:fe»4«EffifclSSS-r**lftteStf*a«<0B3ft io 

2JIS$#2 1 bO*E3fta»»fc43»S?50BaJa x ±12 
oa^i? b*-;Wc»&3i^;l/©*m#3fc*£ftTJ& 

[00 96] *ic, 4#ic, «a«.fcrT;i/5^J:»ja** 

— /V- n— bfil 7£\ Mi if 2 0 — 4 0 /t mOH^iC 
JgJ«U ^©SlM^tlftLT. *©±te, HjSLfcv 

[0 0 9 7] **aS©JH»T»tt. 1 5a, 1 

Ml 5 b*5<fcD*3 — *g&#»l 5 c<fc9&£±a$I&ffi 

[0098] 0ioii, i^m<oi&mc%%>nmw$&r> 

y KOflHTffeS. C©0T?fcJ\ ;t— 'S— n— b/f 
0tC*3l^T, ?3*§2 1 li, fglS35#2 l at. SH2/1 30 

sp^2 1 bi, c*i5««sf«*««s2 1 ct^ty 

5H^n^;l/©Sff l ©SW^SLTt^S. £fc. »f2 3 
li, SglJiai5#2 3 at Jg2Jia3#2 3 bk, Ctl?. 

?rs^-rssiggP2 3 c ttttsnm=3<<fc(Dmz<oa 
#**i/T^«. si3'i';v©s 1 ©sb# 2 1 on 1 m 

g|5»2 1 ak!§2JlSf!#2 1 bit, mm&2 1 c«i-L 
>WD» 1 ©3$#2 1 «, ±SPffil/f «D3-^gp#/f 1 5 

c**4acbT«e«fc»i3«n*. 

>l><Dm2<D$t&2 3<Dmim%ffi-2 3atm2m$l&2 40 
3 bl± s jgiga5 2 3 c*^-LTS^^1f^JBlc»S«tlT 
<^5„ CftfcJ:!), Wm=l-<)\><0'%2<DWftZ 3lt, ± 

SPKffiJgoa-^gp^Si 5 c *+i4cLT*a&Rfc:# 

[0 0 9 9] Sfc, WRa-Ol/OJBl ©S#2 1 tg2 
OSP^2 3li, S*§S152 9lCfcoTit*S;**lS. jlSSBP 
2 9l±. J6^M2 5, EfSM^y^JBl 4 43£tfttgfcJ| 
1 3 SrSiI LT W«3-C;l/©» 1 ©SB# 2 1 OJB 1 
#2 1 atlt«±5a:3Vi'i'h*-^ 

;i/o*rsjy»MsnTjBjasn». so 
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[0 10 0] 09lcj^Lfc<£5fc:. ffBS'f 1 © 
f»2 1C»l S8B# 2 1 a TSP«ffiJI©!ji 2 ©SB 

»8 b©«M5Sr*aa-r«. *^ s?is:3^;i/©sg2©a3 

»2 3©^l S35#2 3 a tt, ±gP«&®i©fi81ggfl#e 
1 5 aOfflH^iiai-rSo 

[0101] 44Ut0£JklCj;tl& ±ffl5«ffl»*>fi& 
fcbT2«te#B«tlfc»ll3'f^2 1 , 2 3*»»tft 
©T% » 1 OSftMO»»fcJt^T, Il3^;K0gI* 

tt * £ t> IrJ±£ * S C k #T* * 5 o 
[0 10 2] Sfcs **fiS©Jg«i£J:*ltf. 113 -Y ;!/ 
©Iff 1 ©35# 2 1 ©311 JiSP# 2 1 a £:TSi5?81®I©JfI 
2©gP#8 bOflf^icEBU C©Sgl«a5#2 1 a£r 

a -? tmm 1 3 ©±® ^sit l * © t% ±ag8«ji© 
esh33#jii 5 a%¥fi*s©±tcj&£-r5c£#T-t? 

5o 6£^>T. *HSS©JBSIt«};*itf, ®HS|5#jI l 5 a 

fc 8Mfflfc:j&£ rTII k * t? . EIS'n -y K© b 9 y * ifS© 

[0 10 3] $fc. **JS©»JftT«. 2fifc#lHl5tl 

mi©SP^2 l©*lJiaj»2 1 a£Ta5SJ®i©lil2 
©»»8 b©ffll*k:E«r*k«fc, Sfi3^;K012 
©35» 2 3 ©mi /ISPS- 2 3a ^±35^^©^^ 
Hi 5 a©fflij73lcSEBLfc©T\ ±gP«@S©3-^aj 

^©fcto, *aw©jBM»cj:nHr. 3-^gp»Mi 5 c 
%B6±-r.5 c k ^ Rrtg k & So 

[0104] ^mmcommr-ii, ±mwmm<o3 

-Zffl*m\ 5 c©x7 7 ^.TU>^ffi3 0ffll©^S^ 
»flH5StM-N-y FOXT^T'J V^*ffi3 0*>?>flttxfc{4g 

^T*fe, ±a5«@M©3-^gP^Sl 5c*'l7^7'J 

>^*S3 ofcssm-rsck^*<. *-©*£Hi. 

[0105] *^ffi©?g<H&cfcttS*-©{fS©8ML f^ffl 

[0106] im3<Dmffi<vBm mi 1 

53, lai l*3.ttfiai 2tC*3t^Tv (a) lil7^7'J 
V^SlcMtt^WrS^r^b, (b) liB&fIg|$#©x7^ 

[0107] *&M<D&micm%m®M%.^-y ki±> * 

n^n2©a5»k^-r5 ) e»©T*feSo Wia-f 
;i/©mi ©a5«-km2©gp^tt N ^fnt, «i*.tf»fc 



(12) 



ftffl 2 0 0 0 - 3 1 1 3 1 1 
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[oio8] #m&<D&f&ic&zmmmis.^'y kos* 

lf±»3/->I/ F** y 7 *^fig-rSXSSTt±, m 
1 <omi&<Dfci&£ffitil?&&o 01 ltc^Ufc.fcolc, 

±gp->-;l/F^-v7 p ^7©±U:, 5 *S« 

o^is^8d«. tsp^-^ fji<d— ap%%-r. 

y^!4, 7 ^rx-y^v^-T Softie, TSP^-^FS 
3«rt»Rtf*5l~2 (iraiyfy^LT, Cflap^Jgfig-T 
5. 

[0109] fflz.i£7fr5ij-&t)iz%i& 

iS3 1^ *D0. 3 — 0. 6 ii m©JP^Cjg/&-r3o 
Jgft§t3 l<D±tc, 7 b— Aa6o#j£lcJ;oT,. 

W«=i>f 1 (O^com 1 SSP^3 2at 

0 — 2. 0 fim<£>mfrlcl&&-?2>e Sla-f;!/© 

mi<DSP#©^liBa5#3 2 att* 01 1 (a) fcfeW" 

[0 1 10] mn. 0!IS.if7\rt/5-*-<fc!>fcS*6 
^.«CMPfcJ:oT, lffl|8d#«B«*Tf, ^ 
[0 111] #IC S 01 21C^Lfc«t^JC> SS14Jf8d 

*5£Qiesf« 3 3<o±ic, T&mmmcom 1 ©»»8 a 

«\ jftl. 0-2. 0/im<DJS2*T\ g#?6*Jfc:Jg/£-r 

^ ^J3~4 iim(D&Z>.\cBm-Z> e Xlc, «?(J^(fCM so 

[0112] T&mmm<vm\ ©gp#8 a <o± 
^r, ^ji. 5-2. 5 iimommcBss.-rz. yac ± 

ftlc, ftlAtf7^5^J:t)ftS»e!»«l 0£, JftO. 3 
— 0. 6 /iniO/P*lc^fig-r5 0 
[0 113] 03^U&(^7b\ 5?M3^f;l/CD^i £> 

gC^O^l JfSP^3 2 afO&ra^ftSP^CfeltSSiffiSP 

Wy5'J>^Ciot, ttftKl 0**1«6IMI3 
3*JtfflLTWS|3W;K0SBl <D»»OjBl Ji»»3 2 

aiciirsj^&rjv*^ h^-^^fig-rso 

[0 114] &»C, Igill 0£0±tc, ^b—Ai&o^ 

b£, t»J*.t£*?n . 0 — 2. 0 iim<Dm&-lcfcl$.-?&o 
Il3^;KD^ 1 ©#3#©Sl2Ji»«-3 2 btt, 
<®f<DS2©gi5»8 b©ffl!l73tClBB^nS„ Sfc, MR 
3>f;K0mi <DSP^<D^2JigP5}'3 2 b«, El 2 

(a) jcfe^saEEJctt^-rsTaieaicsasffiSOEgft so 
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C©I03^;KO$1 ©95#©|f§ 
2JifiB»3 2bO«E3fteas»tCfe»SII«KsaJtts ±E 

iSSftsattSSfcfl-LT, «it=i<<;l/©SJ l 

[0 115] ^lc, W*.Jf77l>5*J:?>*Stt 
3^ 15 3-4 /tm©JP*U:^fig-r5. #»C> fi»J 
ABCMPfcioT, TSB®i8OT©fg2©a3#8 bfcJB 
3©33#8 c*S«ffi-r**t», %ill 3*WtfLT. 

smz^mimm-rz,, ccr\ mi WRn-f 

82»tt#3 2b#«H*-*£5fcl,TfeJ:<^. 
[0 116] *t,.T»«SBiOW2<0»»8bt»3 
©BB#8c, &J:tffMMl 3©±tc, Ea*+?^I 
1 4%0!l*.i£O. 2 — 0. 3KmOS^Ii:Mt§. & 

[0 117] #lc, Gf^tym 4©±lc, ±gps& 
®B(0^<ia5^^}gfi£-r 5®E®ai»S l 5 a «r 1 . 0 - 

3. o iimnmmmmt&hm^ -F$mwmv>%3 

KttH 1 5 bfcl . 0-3. 0 ii m<Dmfrk.J&!£? 

So 

[0 1 1 8] ^IC. ±SH5«tffiSO«t«ia5»S 1 5 a^v 

8^65^*30. 3-0. 6 fimiSX'yfy^L^ 12 
1 2 (b) fc^Lfcfc-p&HJ A«iii:-r5o 
[0 119] ^fc, Ei^t^^Il 4<D±©3-Y;Wg 
j«ffi«tc, «djt.tfTyi/5^«kt)*ste<tllt2 2*, »D 
0. 3-0. 6 MmOP^CjgjS-r-S,, 7U-A 

fcotaia^t, »«3-r^©jii2oaja-ojBi«ap 

^•3 4 a^:, mtfiSQ 1 . 0 — 2. 0 /x mO/P^lCjg/S 
■T5 0 Wm="Cfl'<D3i 2 ©gP^OH 1 3 4 a ti, 

±gpaaHS@©«8g®^JB 1 5 aOM73fciEB2tx^o $ 
f Cs WH3^bOaf2 0aJ»0»l»fflJ»3 4att, 0 

1 2 (a) tfetjsfiEBtsa-rs^iRiJcffitfsafto 

[0 12 0] ^(C, <fc»?%5*g 
ii2 4%, $t)3~4 ft m<Df#tMt5. ^lc, gd 
ASCMPKi^T, ±a5M®/l©miia5»il 1 5 a 43 

<fci>*®i4J! 1 5 b^stHfs*T% mmmz 4*mmL 
[0121] ¥-mit£nrz±&®&m<DMM&ft 

M 1 5 a *5£tf?Ktee 1 5 b t^e/S 2 4 ©±tC, ±35 



(13) 



2 0 0 0 - 3 1 1 3 1 1 
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[0122] ±mc mz.&rfrs.i- 

§12 55:, IftO. 3~0. 9 /t mOf^tC^fS. 

[0 12 3] la^Lfc^tfv SIK3-r;KDM2£0 

gfl#©fill »S5#3 4 aO«-E3fttt«5»fciS»*IS«l» 
©±ffi!l©gfl#lC:}3t^T . 

[0 12 4] &»C % ±g|5^ii<DH-^a5^jil 5cO 
±KffiHt8ttffll2 50±t, yU-2±it>-?2mc& 

fflftififtl. 0~2. 0/jmOl*tMtSo fl3 
^;V©|g2©95#©53t2jfa5#3 4 bte. mi 2 (a) 

t*»s«ffifc:itt5Era^rifli»!:Btfs«ft<0Baft8tto 
c<Dnm="fA>v>mz<oif#<Daszmto 

[0 12 5] *|C % tf*IC m»T;l/3^-«k5a** 
— /n— n— Wlxtf 2 0 — 4 0 /tm©JS2*lC 

JgfigU ^-©^ffi^tlftLT, ^©±lc. |^L&^ 

[0 1 2 6] HI 3«, *^jS<DJgSlt^safSH8§^\ 
•y KOffiatfeS. C©I3TH±. n— 
Jf\ ^©ffi©»l|l»fe*t^ili^^LTt/->S. CO 
0tC*^T, ??^3 2li, Sgl«95#3 2 ai, SSI2B 

as»3 2bt. cn5*asB-rs»isa53 2 c£**t* 

Si3'f;l'0^3 ©SW*£&LTV>3. fc*5. 01 3 T- 
& x S)^-f;l/<9jgl©^#3 2©-gP£3JB&LTV> 
*. Sfc. fgl jfSH#3 4at, Jft2jf95 

»3 4bt s cn6*»is-rsatt«3 4 cfc**tf» 

©»#3 2©JBlJ«W*3 2 a£fg2/ia5#32 btl 
Mtt3 2 cJWVLTS>m»fcWSnT^«. C 
ttfc <fc 0. WHIra-OKD* i ©SB# 3 2 », TSB^ffil 
©Sgl ©33#8 a*+i&lcLT!IM!«te#S«n*. H 
tUfC, »l3^;l/OS 2 ©33# 3 4 ©Jit 1 BSW* 3 4a 

i:ig2Ba3^3 4 bii, a*sa53 4 c«l-LT^m 

§P#3 4t±, ±»«SJi©3-*a5$MI 1 5 c^4>it 
[0 12 7] gfc. SlfiJ^;W)gl ©BP#3 2 £fg2 

©95^3 4 «, w&%i>3 9\c&^-zw&zn%„ mt&w 

3 9i4, «§^H2 5, Ca^-y^Jil 4&£Xftmm 
1 3*gjlLT»M3l'7P©mi ©SB&3 2©Jg 2JISB 
#3 2 blc^-r5«J:-5%=3^5»^ h*-;l/tc. WilaW 
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[0 1 2 8] El 2fc^Lfc<t^^. Sln^WSl 
©SB# 3 2 ©JSf 2 JBSB# 3 2 b 14, TSBB£1®l©Jg 2 © 
»»8b©«**jl5i-r*. Sfc, «K:3'01'©»2© 
3 4 ©Sg 1 BSW* 3 4 a 14, ±gf5Sfl!®©BJlia5# 
II 5 a©flij73SrajMT5o 

[0 12 9] J: ©M3f T 

«c Lr*flPK»c*iasnfciB 1 ©as# 3 

10 3 4 £**rrs©T. ai i ommommictt^x. 
&isi3>op©giK;fr&**<-rsc nlts 

[0 13 0] *ISffl^JiStC*5tt£^©{ft©*3fiK, ^ 

*s*tH&«a:, mi 2 ©*»©»»* rwt* 

So 

[0131] *-5mii, ±E**«©Jg»telB£«n 

■r, a*©«je#TOi»*s. mar* ±f2#fHS£©jE? 

[0 l 3 2] ±E#^6S©}t?mTl±, gf*WcM 
»K»3l<DMR5gf*ML, -?-©±U:, »€&#£!§© 

^«r^T»iWUfc««, t©atm*#*i8!fc:LTt>,J:«,\, 
[0 1 3 3] OS !>, S&M£«*&2*ffl©ifaSS1&» 

MUtiK £©£•?&#£§«, 0>Ri£, ±fB*#£ 
? ©±gP^HJl t MR ^©TSP->-;i/ K»*jKEffl? * 

[0134] sfc, *¥tmt, mmmmmm.im^^. 

[0 13 5] 

40 [fgm3©8&*] Lfc «fc a (cm^H 14^L1 0 

^L2 o©^-rn*»n:c*©»ita«'N-y K©SBft75rtt 

tititf, Sln^^ii, -»*«aii43J:tfSl2©«tt 

JBDiteAfttf, Sl©«81SJil4, »i|3-f;l/(0— 
so #U WKa-Ol/O— as«, Hi ©Kttii©m2©giJ^ 



(14) 



ftffl 2 0 0 0-311311 
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[oi 3 6] £tz, m^m4tm<ommm^s-» k$/-c 
# < -r s c t ifi pjtg»c* s 1 <^-5 s . 

[0l3 7]Sft, ffi:OT5^<0flH»8a[<Ny FSfc io 
if, IWa-fM^ JB 1 «D«tt»*(f 4>fc UT«SS«»c 

co i 3 s] n^nefBttoMEnsjK^v fs* 
tf, * 2 iiv^iitsiiif^i 

L$ -5 C t *l*jtr 5 C t 5 i: ^ -5 a&JR**r 
5. 

[0 1 3 9] Sfc, m«Ql7e«OMR8tjK^'y FSfc 
lili^S 1 7B*to»KK«^y F©«iS#B;fc«J:*i 
(f, »iOift|OS20»»^D-h;W 
U »2©*tt»*re«h5y 30 

h IS— ic^-TScfctfRllglcftSi: 

[0140] tft. m&msmmcommM&w fs* 

[0®©fS5#ftlftBJl] 40 

[01 ] OSIitO}BMSfc«*»M«*^-y 

FoKi^afc^s-xa^Ksa-rsfcftoBfSHT 



[02] Hltett<lS£ttWf5fc»6©*r®HT?* 

So 

[03] H2»ctt<njB*flwrSfc«>0»fEHT* 
[04] H3»c«<IiB%|ttWr5fcii>©BfliHT»* 

[05] ■4(ctt<xa«Knii'rs^»oKSH'p« 
5. 

[0 6] H5tett<IlS*WW'rS;fc«>©«flBH-I** 

[07] 4&m<Dm\ (Dfmvmmcmzmm&SL^v 
[08] i&m<vm 2 vnffivmmic&z wm&%^ ? 

[010] 4^0»2 05ttttO»«lc«SJiW«*^s 
[011] *^0»3 0**0^»^«SWM«*^N 

[012] *5sjii©is 3 o^o^Mkiff «mntt«^\ 
[013] *mmmz<Dmm<Dmmc&%nmm%^ 

[014] FOH5S*Sfe:fe»S— 
[01 5] 01 4kz«<ia*B!BB-r»fe»oKffiH - C 
[01 6] 01 5»c«<njB*KM-r*fca60KBHT 
[01 7] 01 6 9ctt<X8«Vm a r«fcftOW9HT 

1 3-T»^— 71/FJI, 5 -MR 

m*. 8a-T»iii©»io»^ 8b-T«aai« 

Ji©»2<D«#h 1 1 2 a--^n-r;I/0 

WlJMKh 12b-*l3>f;W)»21»». 13- 
tt&W. l 4 15-±8WKW1. 1 



[0 1] 



(a) 



(b) 



12 3 20 12 3 



Wm 2 0 0 0 - 3 1 1 3 1 1 



[02] [03] 

(a) (b) (a) (b) 




[06] imn 




(16) 



ftffi 2000-31 1 31 1 
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mi i] 



(a) 

8d 31 32a 33 
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Bd 



4 4 7 1 2 3 20 4 
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8b 3 29 8a 23a 21 23 21a 




8B 15a 15c / 21c 
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(a) 



8 ri 4, , 3l M5c 2 ?348 2 | l 2534b 8 | C 15b V 24 




8^ 5 4 78a10 ^33 32 32 b l 2 3 20 9 10 
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(a) 



105 


108 1?3 


104 


107 




















/ 


s / 










\ 

\ 


\ \ 




7 


\ 


<:■ 



(b) 

l08 1D6 l0 /l05 W ^ 



101 102 




34a 8a 34 32 32 




8B 15a 15c 



34b ,L 32b : \J™> 
340 3 ! 2c 39 



101 102 



«?BH 2 0 0 0 - 3 1 1 3 1 1 
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